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Underside of Model USA-3 showing printed circuit, 
amplifier connection scheme, and connecting terminals. 

















Model USA-3 showing one of the several types 
of modular packaging available at extra cost. 
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@ PRINTED CIRCUIT: 
and compactness. 


@ OPEN LOOP D-C GAIN: 10 million. 


@ LONG TERM DRIFT, NOISE and OFFSE!: 
under 100 microvolts. 


OUTPUT VOLTAGE RANGE: +115 volts. 
SIZE: 7” x 22” board. 

MOUNTING: Any convenient method. 
PRICE: $95.00. 
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Economy, reliability 











C/RCU/T AMPLIFIER 


Model USA-3 


High performance combined with the reliability 
and compactness of a printed circuit design are fea- 
tured in the new Philbrick Universal Stabilized Ampli 
fier, Model USA-3. It is ideally suited for applications 
to instrumentation, control and analog computation. 
Extremely high open-loop d-c gain, wide bandwidth, 
low noise and wide output range are important per- 
formance characteristics of this new chopper stabilized 
amplifier. An interesting design feature makes this in- 
strument safe against self-destruction, even under pro- 
longed overload conditions or direct grounding of its 
output. At a price of only $95.00, it offers more per- 
formance per dollar than any other amplifier on the 
market today. Write to George A. Philbrick Re- 
searches, Inc., Dept. 19, for Bulletin USA-3. 


GEORGE A. 


P AIL BRIC K 


230 Congress Street, Boston 10, Massachusetts 
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surface barrier transistors from SPRAGUE 











2N344/SB101 2N345/SB102 
for Medium Gain for High Gain 
Amplifiers 


Amplifiers 
Min. | Typ. | Max. Min. | Typ. |Max. 
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2N346/SB103 2N240/SB5122 
for High Frequency for Computer 
Oscillators Switching 
Min, | Typ. | Max. Min. Max. 
hfe 10 —_-| — hfe 16 _ 
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For general high frequency applications, and for The four transistor types shown are the most popu- 
high speed computer switching circuits, design lar. Orders for these units are shipped promptly. 
around Sprague surface barrier transistors. They What’s more, surface barrier transistors are reason- 
are available now in production quantities from a ably priced. High quality and excellent electrical 
completely new, scrupulously clean plant, built from characteristics make them an economical solution 
the ground up especially to make high quality to many difficult circuit requirements. 


semi-conductor products. 
Sprague surface barrier transistors are fully li- 
censed under Philco patents. All Sprague and Philco 


a. b transistors having the same type number are manu- 
ga as factured to the same specifications and are fully 
r interchangeable. You have two sources of supply 
’ when you use surface barrier transistors! 
; i 
e WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 


YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 


SECTION, SPRAGUE ELECTRIC CO., 459 MARSHALL ST., NORTH ADAMS, MASS 


a ETC Conga 


TRANSISTORS ¢« RESISTORS * MAGNETIC COMPONENTS é \ 


CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE «© PRINTED CIRCUITS 


-the trademark of reliability 
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SENSITIVE, VERY RESPONSIV 


Thermoswitch © Is 
Rugged, Adaptable, 


Heat Controller 


ASHLAND, MASS. — Word ema- 
nating from here is that Fenwal In- 
corporated’s THERMOSWITCH units are 
usually the best solution for a design 
engineer with temperature-control 
problems. 

THERMOSWITCH thermal controls 
are adaptable, sensitive, responsive, 
small, tough, and accurate and 
their price is right. They frequently 
replace controllers costing much 
more, and do a better job. 

Their principle of operation is 
unique and highly competitive 
in terms of every quality most design 
engineers would require. The unique 
principle is this: the activating control 
element is a single-metal shell that ex- 
pands or contracts instantaneously with 
temperature changes, making or break- 
ing the totally-enclosed electrical con- 
tacts. 

Design engineers have put THERMO- 
SWITCH units to work everywhere that 
temperature control is vital in 
planes... factories ...ships... hos- 
pitals . . . food-processing plants... 
homes . . . laboratories. The list of 
THERMOSWITCH applications is virtu- 
ally endless. So is the list of physical 
ordeals the units have survived and 
the high performance standards 
they’ve met. 

When tested alongside bulb-type 
and enclosed bi-metallic thermostats 
under identical conditions, THERMO- 
SWITCH units have overwhelmed both 
with performances like these: 

e@ reaction speed, four to nine times 
as fast; 

e heat-responsive area, three to six 
times as large; 

e heat-transfer path, only one-third 
to one-sixth as long; 

e temperature differential, only one- 
tenth to one-nineteenth as great; 

@ vibration-sensitivity, only one- 
twelfth to one-eighteenth as great; 

e@ shock-sensitivity, only one-tenth 
to one-eighteenth as great; 


FOR 





FENWAL THERMOSWITCH UNITS may solve your temperature control problems, too. Sensi- 


tive, tough, and accurate 


they have been put to work by designers wherever tempera- 


ture control is vital. Over 25,000 variations of the THERMOSWITCH unit are available. 


Write for THERMOSWITCH folder. 


Added to these points of superiority 
are such demonstrable features as uni- 
formity of sensitivity throughout the 
operating range, built-in temperature 
anticipation, enclosed tamper-proof 
assembly, direct radiant heat recep- 
tion, and an operating range from 
—100°F. to 600°F. 

Other ranges are available, too. 
The point at which a unit makes or 
breaks a circuit is determined by a set 
screw easily adjusted in the field. 


There’s a Fenwal sales engineer 
ready to help you apply THERMO- 


SWITCH units to your particular heat 
control problems ready with over 
25,000 variations. Write Fenwal for 
his name and for complete specifica- 
tions. Fenwal Incorporated 109Pleasant 
Street, Ashland, Mass. 
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Publisher's Prospectus 


For years Industry teamed the electronic designer with the 
mechanical designer so they could develop together what each 
could not produce alone. From this merger and from com- 
pany-sponsored training programs has come the electromechani 
cal engineer- you, the designer who combines ideas and tech 
niques from both fields into new and improved products tot 
industry, the military and the consumer. 

Your success is phenomenal. The merger of electronic and 
mechanical components and parts into unified systems, expand 
ing by leaps and bounds, is now evident in all kinds of products. 
Today, few engineering problems that have been approached 
from either the purely electronic or the purely mechanical point 
of view are considered adequately surveyed. Tomorrow, no 
doubt, the universities will offer courses leading to a Bachelor’s 
Degree in Electromechanical Engineering. 

The editorial objective of this new magazine is simply to 
function for you as a source-book of ideas and techniques 
in electromechanical research, development, design and their 
management. To assist our editorial staff, we have a board of 
contributing editors, special project editors and staff columnists. 
Each of these men is currently working in industry in some 
phase of electromechanical research, development and design; 
each has reached a position of authority and responsibility in 
the management of these functions. All of us are, in a sense, 
vour consultants as we uncover your professional needs and 


attempt to meet them in the pages of this publication. 


Harotp G. BucHuBINnDER 


Editor and Publisher 
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1357 Washington St. 
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SUBSCRIPTION POLICY 
This first issue of ELECTROMECHANICAL components & systems 


DESIGN has been sent to you in your name and title at your company 


address. You can insure your receiving a year’s complimentary subscrip 
tion by taking a few moments to fill one of the prepaid post cards facing 
our inside front or back cover. Should you have received this first issu 
from a colleague and both cards are missing, you can still take advantage 
of this complimentary offer by requesting it on your company letterhead. 
Complimentary subscriptions will only be sent to you at your company 
address. Home subscriptions are available if requested on company 


letterhead at a subscription cost of five dollars per year 
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Bernard Benz 


SOLVING THERMAL RELAY PROBLEMS 


These Application Engineers study 
each proposed new use of thermal re- 
lays, select the relay best suited for 
the job, and test the relay under your 
conditions to tell you exactly what it 
will do. They can choose from more 
than 1,000 variations of the G-V ther- 
mal relay line which are available as 
standard items, at no additional cost 
and on dependable delivery schedules. 
With these standard relays, they solve 
over 98% of all thermal relay prob- 
lems submitted to us. 

The occasional user who needs a 
special design finds the separate G-V 
Research and Development Staff 
ready to apply their experience and 
ingenuity to the design of a new unit. 

Complete reliability in all G-V prod- 


G-V CONTROLS INC. 


58 Hollywood Plaza, East Orange, New Jersey 
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ucts is assured by certified qualifica- 
tion testing in the G-V Environmental 
Test Laboratory under the most se- 
vere conditions found in field use. 
These are just some of the reasons 
why the country’s leading manufac- 
turers of aircraft and electronic 
equipment have used more than a half 
million G-V Thermal Time Delay Re- 
lays...Hot Wire Time Delay Relays 
...Voltage and Current Sensing Re- 
lays...finding them more reliable and 
more economical than any other. 
Well-qualified G-V representatives, 
backed up by Regional Field Engi- 
neers, are ready to serve you any- 
where in the U. S. or Canada. Com- 
plete catalog data on G-V Relays and 
Thermostats is available. 
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in the sky 


Brush Oscillographs instantaneously chart 


and coordinate aerial exploration data; 


With a portable six channel Brush 
Oscillograph mounted in a helicopter, 
Aero Service Corporation visually 
checks significant data in flight—saves 
time in locating deposits of minerals 
or oil. This instrumentation can save 
money for you. 

The helicopter is equipped with 
detecting instruments sensitive to 
different materials. A magnetometer 
responds to magnetic ores and oil- 
bearing formations. An electro-mag- 
netic detector locates electrically con- 
ductive sulphides, and a scintillation 
counter checks radioactive elements. 


The Brush system records output of 


NEW DEVELOPMENT 
IN MAGNETIC HEADS — 


Interlacing two 14-channel 
heads provides 28 channels, 
but demands careful align- 
ment. To simplify mounting, 
Brush now offers an integral 
block interlace head. Exact 
relative alignment is pro- 


vided by the mounting block. 


Save engineering dollars 





Use this instrumentation to save engineering time. 


all three instruments, plus the altimeter, 
on a single chart to provide a running 
record of tests. This system saves 
time presenting results in permanent 
chart form. 

The Brush direct-writing frequency 
range, from d.c. to 100 cycles per 
second, covers all requirements of this 
application ... and of 90°% of the 
physical measurements throughout in- 
dustry. Brush offers complete direct- 
writing systems for portable or rack 
use, for recording one to eight chan- 
nels of data, with a wide range of 
chart speeds. 
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FLIGHT _ 2 
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Brush Oscillograph system in plane maintains accuracy despite rugged use and environmental extremes. Six 
channel chart records output of magnetometer, electromagnetic detector, scintillation counter, and altimeter, 


This instrumentation is ideal for your field test operations. 


Write Dept. M-11 for further information. 


BRUSH ELECTRONICS |*@ "| COMPANY 


3405 Perkins Avenue, Cleveland 14, Ohio DIVISION OF 


CLEVITE 


CORPORATION 











ELECTRONICS 





OSCILLOGRAPHIC RECORDING SYSTEMS +» SOUND INSTRUMENTATION +» MAGNETIC COMPONENTS « PIEZOELECTRIC MATERIALS » WEAPONS SYSTEMS 
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Sustained operating temperatures up to 400° F, as in guided missiles, are death to inferior electrical insulations and laminates. 
CDF glass-base laminates of Teflon*—the only laminates of their kind approved by the military—can take this punishment steadily. 


LATEST HIGH-HEAT INSULATION SYSTEMS 
NEED CDF GLASS-BASE LAMINATES AND TAPES 


Widest available range offers Teflon, epoxy, silicone, mica 


products for dimensional stability under continuous heat 


As components and equipment grow smaller, and heat 
becomes more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 
range of quality insulations be found under one roof 
as at CDF. 


FOR HIGH-HEAT PRINTED CIRCUITRY, CDF’ glass- 
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying ca- 
pacity. Constant operating temperatures of 300°F — 
soldering temperatures to 500°F are readily met by 
these specialized CDF Dilecto® laminates. 


HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, with glass- 
cloth support. CDF tapes may be used either by hand 


wrapping or on automatic winding machines. Unsup- 
ported Teflon in colors available to meet MIL-STD 104. 


TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from Teflon — spa- 
ghetti tubing, rods, sheets, and machined parts to rigid 
specifications. 


NEW — cementable Teflon, bondable to itself and to 
other materials with commercial adhesives. 


SEE SWEET’S Product Design File, Electronics Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer. Then send your 
print or your problem, and we'll return specific tech- 
nical data and test samples. 


*trademark of DuPont tetrafluoroethylene resin 


Ms CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE —#fera4es- COMPANY « NEWARK 3, DEL. 


FOR MORE INFORMATION CIRCLE 5 ON INQUIRY CARD 


8 


ELECTROMECHANICAL DESIGN 
* 


RAY 
LICON ADR 


RELIABLE Mi 
DLTAGE R 


SEPTEMBER 





| specify Tl al i») for 


High Temperature, Applications 


RAYTHEON PNP SILICON TRANSISTORS 

in the JETEC 30 package 

made by the Raytheon-perfected Fusion-Alloy 
process for extreme reliability and long life. 
Lowest noise factor. 

Temperatures from — 65°C to +160°C. 



























RAYTHEON Guided Missile SUBMINIATURE 
TUBES with RELIABILITY ++ 

more than meet military specifications for all 
characteristics important to guided missile 
and other critical applications. 

Bulb temperature ratings to 265°C. 


RAYTHEON Diffused Junction SILICON 
RECTIFIERS Both Stud and Wire-In Types 
Ratings to 600 volts peak and 3.5 amperes 
The Raytheon Solid State Diffused Junction 
process insures uniformity and exact control of 
characteristics. 

Temperatures from — 65°C to +165°C. 


RAYTHEON SILICON POWER RECTIFIERS 
Ratings to 325 volts peak and 15 amperes 
» average with rectification efficiencies to 
S$ over 99%. 
Temperatures from —65°C to + 165°C. 














sup- 
104, 
TIES. RAYTHEON Bonded SILICON DIODES 
d to combine low reverse current, exceptional 
spa- All illustrations are ey: . ° r ‘ 
rigid pecan stability and uniformity with small size for a 
variety of applications requiring peak voltages to 
at 300 and currents to 80 mA. 
a Temperatures from — 65°C to +-150°C. 
yers’ : , , , me Soe 
, For detailed specifications and application engineering 
hone information get in touch with our nearest office. 
your ieee , 
tech- : 
RAYTHEON MANUFACTURING CO. WEWTON, WASS. 55 Chapel St. + ——_—Bligelow 4-7500 

LICON AND GERMANIUM DIODES AND TRANSISTORS ~- SILICON RECTIFIERS NEW YORK: 589 Fifth Ave sy ‘epeabthenad 

LIABLE MINIATURE AND SUBMINIATURE TUBES + VOLTAGE REFERENCE TUBES CHICAGO: 9501 Grand Ave., Franklin Parke « TUxedo 9-5400 
BRE OLTAGE REGULATOR TUBES . GAS FUALED TUBES . NUCLEONIC TUBES LOS ANGELES: 5236 Santa Monica Bivd. « NOrmandy 5-4221 
3, DEL. —_ 
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Stainless Steel 


Screw-THREAD Insert 


Ne we 
HELI -COIL 


Stainless Steel 
Screw-LOCK Insert 


Pat. Pending. 








This is the insert that permanently protects 
threads against wear, stripping, corrosion, 
galling, seizing, vibration and shock. Made 
of (18-8) stainless steel wire, cold-rolled 
into a diamond shaped cross-section, this 
Heli-Coil Insert is work hardened to a tensile 
strength of approximately 200,000 psi . . 
conforms to military standards MS 122076 
through 122275 (ASG) and MS 124651 
through 124850 (ASG) .. . conforms to 
standard commercial and industrial thread 
forms, including coarse, fine, pipe-thread 
and MM sizes .. . permits use of standard 
boss configurations. 


Conforming to military specifications for 
locking torque and vibration, this notable 
new Heli-Coil Screw-LOCK one-piece insert 
provides all the thread protection of the 
Screw-THREAD Insert, PLUS an exclusive 
internal locking feature that eliminates the 
need for clumsy protruding lock nuts, lock 
wiring and other supplementary locking de- 
vices . . . saves cost, space and weight .. . 
permits simplified streamlined design. The 
Insert is a permanently integrated part of 
the component—permits repeated service re- 
pair disassembly and reassembly, with lock- 
ing action remaining unimpaired. Available 
in sizes from 4-40 up. 


ie Heli-Coil Field Engineers are at your service f 


CUSTOM LOCK NUTS 


The Heli-Coil Screw-LOCK Insert is adaptable to special-shaped lock nuts, shells, 
spacers and fasteners and can be engineered to meet your torque or performance 
requirements. Heli-Coil Corporation is fully equipped to manufacture these special 


lock nuts to your specifications. 


Note: Custom nuts, with Screw-LOCK Inserts, meet military specifications for 
lock nuts. 

















Save Space, Weight and Co 
Substantial savings in materi 
weight, space and costs are possi 
as against solid bushings, beca 
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Internal Locking Feature Flush Nu 
Insures positive internal locking fie! a sec 
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BUSE 


e plies Typical Heli-Coil Screw-THREAD Applications 





ow Design Engineers 


ELI-COIL INSERTS to 


SAVE: SPACE—WEIGHT—COSTS 
PERMANENTLY PROTECT THREADS AGAINST 


WEAR CORROSION STRIPPING GALLING SEIZING VIBRATION 


Eliminate Lock Nuts—Lock Wiring — Lock Washers 
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Steel Threads in Wood, 


Leak-Proof Connections 
Plastics and Fiberglas 


Compact Design Stronger Thread Connections 


materiomproves design features by elimi- Under excessive tension, torsion and In lightweight, high pressure hy- 
re possibiption of nuts, washers and extra- impact loads in standard proportion draulic equipment, stainless steel Provides permanent, strong, corro- 
ys, becaufngth bolts bosses, the screw will break but the inserts, regular and pipe thread, sion-resistant and wearproof threads 








k 
ing locki 
eight, 

y disasse 
ting torq 


vice f 


is, 


al 


or 


L DESIGN 








in soft materials. Especially valua- 
ble where frequent assembly and 
disassembly is necessary. 


Heli-Coil Screw-THREAD Insert will 
remain undamaged . . . even in light 
alloy metal. 


protect threaded pump and valve 
ports sealed with “O” rings. 
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inaccessible or Miniaturized 
Assemblies 

Heli-Coil Screw-LOCK Insert permits 
installation of the locking feature 
from front or top. No blind fumbling 
for assembly of locking devices in- 
side or behind. 
ee le lll | 


HELI-COIL CORPORATION 
2709 Shelter Rock Lane, Danbury, Conn. 
Gentlemen: Please send me further information on 
{] Heli-Coil Screw-THREAD Inserts. 


[_] Heli-Coil Screw-LOCK Inserts. 


To Lock Set Screws 
Positively locks assembly against 
loosening at desired adjustment — 
protects threads against stripping 
under high torque—permits use of 
light housing materials. 


Flush Nut Assemblies 
mits a securely locked, flush 
mbly, because its internal lock- 
feature eliminates need for 
led head bolts and other pro- 
ding locking devices. 


Lock Adjustment Screws 
This simple design allows permanent, 
positive adjustment of screws in any 
position, secure against vibration or 
impact. 


sign consultation — without obligation. 


ELI-COIL CORPORATION 
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(_] Heli-Coil Custom Lock Nuts. 
(] Have a Heli-Coil Thread Engineer call—without obligation. 
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In Canada: W. R, WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
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New solutions for design problems in communication and navigation sys- 


tems, Doppler radar, fire control systems, missile systems, carrier telephone 


systems, telemetering, spectrum analysis and data handling systems with 


HIGH FREQUENCY CRYSTAL FILTERS 





The crystal filter is a direct result of a unique 
marriage between the electrical and mechanical 
worlds. This union is known as the piezoelectric 
effect, by virtue of which mechanical vibrations 
are induced in a crystal resonator through elec- 
trical excitation. If the piezoelectric resonator is 
cut from crystalline quartz, then the mechanical 
exhibit a 
and from frictional 


resonances remarkable freedom from 


environment effects dissipa- 
tion. The electrical analogue of this vibrating mass 
is, therefore, a network of highly stable and rela- 
tively lossless inductance and capacitance. 

Working only with the electrical equivalent of 
the quartz crystal, the circuit designer may derive 
filter networks 
be obtained by conventional techniques. However, 
realization of these networks de- 


pends primarily on the ability to obtain crystal 


with characteristics which cannot 
the practical 


resonators with the required properties. 

The development of a crystal filter is, therefore, 
accomplished by combining techniques of mechani- 
with those of electrical 
circuit analysis. The engineer this 
process may be considered a charter member of 


cal vibration analysis 


involved in 


the electromechanical design fraternity. 
Information on which this article is based was 
supplied by personnel at M.I.T. and Hycon Eastern. 








fhe past decade has brought about an enormous in- 
the 
navigation systems in operation. The resultant over-crowd- 


crease in number of radio communication and 
ing of the radio-frequency spectrum has produced many 
equipment design problems. New systems, such as single- 
sideband and narrow-band frequency modulation, permit 
more economical utilization of existing frequency space 
but their success depends upon their ability to operate 
within a narrow well-defined band of frequencies. Accord- 
ingly, filter selectivity requirements have become increas- 
ingly stringent. 

In addition, modern 
systems generally operate most satisfactorily when filtering 
action is performed at as high a frequency as possible 
However, at frequencies greater than a few megacycles, 
conventional types of filters with suitable characteristics 
are difficult to produce. Some designers have solved this 
problem with the use of successive frequency translations, 
commonly called multiple-frequency conversions, a process 
which reduces the frequency of the radio signal to the 
point where conventional filtering techniques can be used 


high-frequency communications 


The multiple-conversion process introduces increased cir 
cuit complexity with corresponding loss in efficiency and 
reliability. 

The high-frequency crystal filter provides a new solu 
tion to these problems. Compact filter units employing 
miniature quartz-crystal resonators in the 5 to 40-Mc range 
provide filter performance previously possible only at 
significantly lower frequencies. Multiple-frequency con 
versions may thereby be eliminated, resulting in equip- 
ment simplification accompanied by improved performance 
and smaller size. 


° ELECTROMECHANICAL DESIGN 
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Desirable filter characteristics, such as high selectivity 
ind low power loss, can be obtained in narrow-band, high- 
frequency filters only if the Q’s of the filter components 
are extremely large. Quartz-crystal resonators normally 
mployed in filter networks have Q’s which range from 
10,000 to 200,000 and have been produced with Q’s in 
excess of 1,000,000. By comparison, the Q’s normally ob- 
tainable in conventional inductances may range from 50 
to 200, while the nickel-alloy resonators commonly em- 
ployed in “mechanical” filters have Q’s which range from 
2,000 to 10,000. 

The crystal filter is further characterized by a high order 
of stability over wide temperature excursions for long 
periods of time, and, in the presence of severe shock 
and vibration, does not exhibit microphonic behavior. 
These qualities are necessary if you are to take full advan- 
tage of the ability to produce narrow-band devices at high 
frequencies. 


QUARTZ CRYSTAL RESONATORS 


A quartz resonator is a small bar or plate cut from 
crystalline quartz. The crystal may have a number of 
vibrational modes in the vicinity of the desired response. 
However, by properly dimensioning the resonator and 
the electrodes which supply electrical excitation, you may 
produce crystals with essentially single-resonance charac- 
teristics at frequencies as high as 40 Mc. Dimensioning 
a crystal resonator so as to suppress undesirable modes 
of vibration and to produce a given temperature co-effi- 
cient generally results in the limitation of the equivalent 
This 


limitation and the small zero-pole spacing of the crystal 


electrical parameters to a narrow range of values. 


places theoretical and practical restrictions on the charac- 
teristics realizable with a given crystal filter configuration. 
These restrictions apply even to those networks in which 
inductances or resonant circuits are disposed in series or 
parallel with the crystal resonator in order to modify 
the resonator critical-frequency or zero-pole configuration. 

The restrictions mentioned above make it desirable to 
utilize a design procedure which will rapidly and accur- 
ately indicate the range of filter characteristics obtainable 
with a given crystal resonator. 


CRYSTAL FILTER CIRCUITRY 

Almost all crystal filters of any signifi- 
cance produced in the past twenty 
years are based on the symmetrical- 
lattice or bridge networks developed by 
Warren P. Mason. 


CIRCUIT 











sf 
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Go 


FIG. 1. In the vicinity of a resonant frequency, a quartz 
crystal may be represented by the equivalent electrical 
circuit above. The inductance L; and capacitance C, rep- 
resent effective mass and stiffness of the crystal, respec- 
tively. Co is the static capacitance and includes stray-wir- 
ing and holder capacitance. Resistance R,; represents fric- 
tional loss of the vibrating crystal. Crystal Q is defined as 
the ratio of reactance L; at resonant frequency to resis- 
tance R,;. Because of the extremely large value of Q, the 
crystal may be considered a purely reactive network for 
most filter applications. 
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FIG. 2. Reactance curve above corresponds to lossless 
equivalent circuit of Fig. 1. Resonant frequency or “zero” 


antl-resonant requency 


of the crystal unit (f,) and the f 
spaced. That is, S, is a 


or “pole” (f,) are very closely 


very small percentage of the crystal resonant frequency, 
of f, for high-frequency 


at most, 0.2% 


ry cta] 
Crvstals. 

















Several examples of lattice crystal fil- 

Attenuation 
characteristics of these filters depend 

completely on the arrangement of criti- 

cal frequencies or zeros and poles of 

the series (A) and shunt (B) arms of 

the lattice. Fig. 3a and 3b illustrate ATTENUATION 
the crystal-capacitor lattices normally vs 
designated as narrow-band filters. The FREQUENCY 
bandwidth of these filters is limited 

directly by the zero-pole spacings of 

the associated crystals. The upper 

bandwidth limit of the narrow-band, 
high-frequency crystal filter is about 


ter circuits are in Fig. 3. 
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(a) (b) (Cc) 


FIG. 3—Lattice crystal filters 
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FIG. 4—Hybrid filter networks 


0.2% of the filter center frequency. The 
lower bandwidth limit, which is set by 
crystal dissipation and frequency toler- 
ances, may be as small as .01%. 

To obtain wider filter bandwidths, 
inductances or tuned circuits may be 
placed in parallel with the lattice net- 
work as shown in Fig. 3c. The induc- 
tance Lo resonates in the vicinity of 
the filter center frequency with the 
effective shunt capacitance 
(C, + Cy). A number of the resultant 
critical frequencies of the series and 
shunt lattice arms may be so arranged 


crystal 


as to provide a narrow passband re- 
gion. The width of this passband is 
not limited directly by the crystal zero- 
pole spacing. This type of filter, which 
will be called an intermediate-band 
crystal filter, may have somewhat wider 
bandwidths than the crystal-capacitor 
filter. An upper limit of about 0.6% is 
commgn in the high-frequency range. 

The wide-Land crystal filter results 
when all critical frequencies of an 
inductance-crystal combination are con- 
tained within the filter bandwidth 
limits. Bandwidth range for this filter 
type is about 1.5% to 6% of the filter 
center frequency. The upper limit is 
set by the crystals, the lower by the 
Q’s realizable for Lo. 
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L 
B La ii 


midband insertion loss 
the filter 
only 1 or 2 db for most narrow- and 


Dissipation or 
introduced by network is 
intermediate-band filters. For the wide- 
band filters, the corresponding loss is 
dependent on filter bandwidth and ex- 
ternal inductance Q. For a 5% filter 
bandwidth and a Q of 100, filter loss 
will be approximately 6 db. 

The simple filters of Fig. 3 
basic building blocks for more compli- 
cated filter networks. Greater attenua- 
tion and selectivity may be obtained 


form 


either by cascading sections of the type 
shown or by placing several crystals 
in parallel in any lattice arm as shown 
in Fig. 3c (connections shown dotted). 
Practical high-frequency crystal fil- 
ters generally utilize an unbalanced 
lattice equivalent known as the “hy- 
brid” network. This network, shown in 
Fig. 4a, employs a_ balanced three- 
winding transformer with closely cou- 
pled secondary windings k = 1). 
Figs. 4b and 4c illustrate two meth- 
ods of cascading hybrid-type filter net- 
works to achieve greater attenuation 
and selectivity. Any combination of 
Figs. 4a, b and c may be employed to 
provide still better performance. Al- 
ternatively, crystals placed in parallel 


HF- 3-30Mc 


|_| |_| vir, uHF- 30-500 Me 











(shown dotted) in any lattice arm wil 
accomplish the same result. The induc 
tances Lo may be added to convert 
the network from the crystal-capacitor 
lattice (Fig. 3b) to the intermediate 
band or wide-band lattice (Fig. 3c) 
In addition the parallel circuit Lo — C, 
in Fig. 4c provides a convenient means 
of altering the nominal impedance level! 
of the filter. The desired impedance 
transformation is simply accomplished 
by tapping Lo or Cy, for the appropri- 
ate impedance level. In this manner, 
the same filter may be used with high- 
impedance vacuum-tube circuitry or 
low-impedance transistor circuitry. 

Utilizing the hybrid filter networks 
illustrated in Fig. 4, crystal filters have 
been produced through the frequency 
range of 10 Ke to 40Mc, with band- 
widths ranging from 1 cycle per second 
to several hundred kilocycles per sec- 
ond. The corresponding range of per- 
centage bandwidths is 0.1% to 7% of 
center frequency. 

‘Lattice-type crystal filter networks 
may be designed by utilizing classical 
image-parameter synthesis techniques 
or by considering the total insertion 
loss of a given filter network. How- 
ever the values of the equivalent elec- 
trical parameters of the crystal resona- 
tor are not completely within the filter 
designer’s control. Because the crystal 
filter is normally restricted to band- 
widths which are a very small per- 
centage of the center frequency, and 
because of the nature of the equations 
involved in the image-parameter syn- 
thesis of these filters, it is possible to 
develop a procedure which permits the 
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MIXER 
4 CRYSTAL 
FILTER 
1-2 Mc (HF) 
OSC. 


FIG. 5—A high frequency crystal 
filter permits a communications re- 
ceiver operating from HF through 
UHF to be no more complicated, in 
principle, than the conventional broad- 
cast superheterodyne receiver. The 
single-conversion crystal-filter re- 
ceiver has the advantage of a high 
frequency first I-F (i. e. good image 
rejection), combined with high ad- 
jacent channel selectivity (previously 
achieved only through multiple fre- 
quency conversion). At the same time, 
the elimination of multiple conver- 
sions reduces cross modulation and 


atl DETECTOR | 
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10-30 Mc (VHF, UHF) 


receiver desensitization due to mixer 
overload, and locally generated spuri- 
ous signals. Since the frequency se- 
lection characteristics of the entire 
receiver are determined primarily by 
the crystal filter unit, it’s possible to 
alter the receiver bandwidth and se- 
lectivity characteristics by simply 
changing the filter. Crystal filters de- 
signed for single conversion receivers 
have been produced with bandwidths 
ranging from 250 cps (for HF-CW 
telegraphy) to 50 kilocycles (for VHF- 
FM or UHF-AM). 
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MILOCYCLES FROM 11500 WC 


FIG. 6—Attenuation characteristics of 
filter at 11.5 Mc designed for VHF- 
FM receivers show the comparison 
between a four-crystal filter with a 
shape factor approximately 3.5:1 and 
an eight-crystal filter with a shape 
factor approximately 1.7:1. Shape 
factor is the ratio of the bandwidth 
at 60-db attenuation to the band- 
width at 6-db attenuation. The 
eight-crystal device may be made con- 
siderably more selective (i.e. smaller 
shape factor) at the sacrifice of the 
final or “ultimate” attenuation reached 
by the filter. For example, the dotted 
characteristic (shape factor 1.3:1) may 
be obtained by permitting the filter to 
return to an attenuation of slightly 
greater than 60 db. Solid eight-crystal 
characteristic reaches an attenuation 
well over 80 db and represents a 
good compromise between final at- 
tenuation and shape factor for this 
application. The 6-db bandwidth for 
the filters above is approximately 35 
Ke. For the new split-channel FM 
operation, filters with identical char- 
acteristics have been produced with 
bandwidths of 15 Ke. 





design of even the more complicated 
crystal filters utilizing only simple cal- 
culations and graphical aids. This pro- 
cedure, based on a normalization or 
approximation technique, provides so- 
lutions with accuracies that are nor- 
mally well within the tolerances placed 
on filter components. A complete and 
detailed description of this synthesis 
procedure may be found in Technical 
Report 298, Research Laboratory of 
Electronics, M.I.T. 


APPLICATIONS AND TYPICAL 
CHARACTERISTICS 


The bandwidth range from one or 
two cycles to several hundred kilocycles 
per second, which represents the 
present day boundary of crystal filter 
technique, encompasses the majority 
of channel or information bands allo- 
cated to communications and naviga- 
tion equipments. The ability to pro- 
duce a given bandwidth at substan- 
tially higher frequencies, together with 
the excellent selectivity, stability, and 
loss characteristics of the high-fre- 
SEPTEMBER-OCTOBER 1957 


Square-Hole Ball Bearing 
Simplifies Antenna Design 





This radar bearing, 1.500" OD, carries 3000 lb. thrust while turning through 
180° at 90 oscillations per minute. 7 he split outer race permits larger ball 


complement and incre ased load capacity. 


In planning the mechanical design of a 
radar antenna, the designer found that by 
using a ball bearing with a square hole, he 
could avoid limitations imposed by stand- 
ard bearings. To bring this dream to 
reality, he had Industrial Tectonics de- 
sign and produce the special bearing 
shown above. This has resulted in (1) a 
simpler and less costly design of the assem- 
bly that the bearing carries, and (2) a 
stronger and more rigid support. 


In this and many other ways, the avail- 
ability of ITI special bearings permits 
new freedom of design, and new economy. 
Remember — 


IF YOU need anti-friction bearings of special shape, size, heat 
resistance, corrosion resistance, low torque, ultra precision, non- 
magnetic properties, or other unusual characteristics, we can 
supply them — designed and built to your specific requirements. 
We invite your inquiries. 







FREE 32-PAGE BEAR- 
INGS BULLETIN 
tells about the factors 
involved in special 
bearing applications, 
and describes our 
work in this field. 
Write for Bulletin 
AFB-1. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
3666 JACKSON RD., ANN ARBOR, MICH. 





WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 


FOR MORE INFORMATION CIRCLE 8 ON INQUIRY CARD 
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ROBOTESTER 


The easiest way 
to automation 
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‘ro’bo-tes’ter, An electronic device which 
will perform a seriés of circuit checks on 
an assembled chassis, automatically in- 
dicating failures due to shorts, opens, or 
out of tolerance parts, etc. Uses punched 
tape to set up tests. 


ROBOTESTER offers a technique of 
automatic testing for the small run as 
well as the high-production system. 
The unique punched-tape program- 
ming permits fast set-up, fast change- 
over, fast correction. No bulky jigs or 
test units...the entire test program 
for a complete system can be stored 
in your pocket! ROBOTESTER has 
reduced test time for its users to 20% 
of manual testing, and without weeks 
of jig-building. Write for complete 
information and circuit description. 





SPECIFICATIONS 
Measurement: DC resistance 
Range: 1 ohm to 10 megohms 
Tolerance: 5, 10, or 20% 


Sequence: Any. Tests in random order, 
above or at ground 


No. of measurements: Between any 2 of 
240 points 


Programming: By punched paper tape 


Tape preparation: By user; punch sup- 
plied 


Speed: 100 tests per min., max. average 
60-90 


Tape life: Over 25,000 cycles 


Maintenance: Plug-in subassemblies 











° 


Specialized automatic test equipment 
and calibration equipment is also 
available from Lavoie Laboratories. 
Write us. 


Lawoie Laboratories, Gnc. 


‘Matawan-Freehola Road — 
Morganville 18, N.J. 
MAtawan 1-2600 
CIRCLE 9 ON INQUIRY CARD 
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FIG. 7—Filters in Fig. 6 are inter- 
mediate-band lattice networks pro- 
duced in hybrid configuration. Photo 
shows one component arrangement 
for a four and an eight-crystal filter 
of this type. The miniature crystal 
units which occupy a volume of only 
0.035 cubic inches and weigh about 
1/25 of an ounce are extremely rugged 
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FIG. 8—To utilize the single conver- 


sion technique in FM receivers, de- 
tection must be performed at the first 
I-F. Since the first intermediate fre- 
quency may be too high to permit 
the realization of a conventional type 


of FM detector or discriminator, a 
crystal discriminator has been de- 
veloped which possesses a_ stability 


comparable to that of the high fre- 


quency crystal filter and which op- 
erates at the filter frequency. This 
device may be applied not only to 
FM receivers, but also to automatic 
frequency control systems and fre- 
yuency modulation generators. In the 
basic circuit diagram of the crystal 
discriminator above, the voltage de- 
veloped across each element in the 
series crystal capacitor combination 
X-Co is rectified by the diodes, D, 
Do. The difference between these volt- 
quency crystal filter, has already re- 
sulted in many applications of this new 
component. 

The crystal filter is widely applied 
to intermediate frequency filtering ap- 
plications in AM, SSB, and FM re- 
ceivers, and single-sideband generators. 
For mobile versions of these systems, 
filters from 10 to 30 Mc are particu- 
larly attractive. In addition to their 
excellent performance characteristics, 
these devices offer the advantages of 
small size (%—2 cubic inches) and 


freedom from microphonic behavior. 


wiles: lime nara seitnsnatnaees iiss cacmeaste 
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and will withstand vibration fre- 
quencies as high as 2000 cps and 
shock accelerations greater than 30 g. 
The small size of crystal units and 
associated components at frequencies 
greater than 10 Mc, makes possible 
extremely compact filters, particularly 
desirable for mobile applications. 
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ages is developed across the combina- 
tion R,—Roe, producing the required 
characteristic. The discriminator above 
is designed for use in conjunction with 
the filters of Fig. 6. It has a center 
frequency of 11.5 Mc and a peak-to- 
peak bandwidth of approximately 50 
Ke. When driven from a conventional 
pentode limiter, which operates at a 
peak RF input voltage of 2 volts, the 
discriminator output voltage is ap- 
proximately 16 volts peak-to-peak. 


Many 
ment which operates on a fixed chan- 


applications require equip 


nel or small number of channels at 
some frequency below 30Mc. You may 
convert a conventional receiver to a 
fixed-channel receiver by inserting a 
crystal filter between the antenna and 
the first R-F stage. In the presence of 
strong adjacent-channel interference in 
the HF bands, this technique material- 
ly reduces interference caused by in- 
termodulation and desensitization. The 
excellent temperature stability of the 
crystal filter, combined with the close 
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UPPER SOE-BANO FILTER 


LOWER SIDE-BAND FILTER 
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KILOCYCKLES FROM 100 Ke 


FIG. 9—In the generation of single 
side-band signals by filtering tech- 
niques, signal quality is largely de- 
pendent upon the ability of a filter 
to pass with negligible distortion one 
sideband of an amplitude modulated 
signal and simultaneously to effective- 
ly eliminate the other sideband. The 
high Q of the crystal resonator, and 
the ability to produce filters with as- 
symmetrical attenuation characteris- 
tics (ice. attenuation rising more 
steeply on one side of the passband 
than on the other), makes the crystal 
filter particularly well suited to 
single-sideband generation. The plot 
above shows attenuation characteris- 
tics of two filters designed for single- 
sideband generation at a frequency 
of 2000 Ke. Each filter has a band- 
width (at 2 db) of over 6 Kc, and an 
attenuation slope which rises from 2 
db to 60 db in less than 600 cps. 
Intermediate-band hybrid circuitry is 
employed resulting in insertion losses 
of less than 3 db. Crystal filters for 
SSB generation have been produced 
at frequencies as low as 80 Ke and 
as high as 16 Mc. 


tolerances which can be maintained on 
the shape of the filter characteristic 
(crystal frequency tolerances of +.001% 
or less are common for oscillator and 
filter applications), makes the crystal 
filter particularly well suited for fre- 
filter 
applications. Filter sets of this type, 


quency channelizing or “comb” 
containing as many as five hundred 
filters per set, have been produced at 
frequencies as low as 100Ke and as 
high as 28 Me, for application to tele- 
phone systems, Doppler radar and fire 
control systems, and spectrum analysis. 

Further progress in the development 
of quartz resonators may make possi- 
ble the filter fre- 
quency range to frequencies approach- 
ing 100 Megacycles. Filter bandwidths 
in the 


extension of the 


order of 1-5 Mc may be 
achieved, permitting the application 
of crystal filters to wide-band systems 
such as pulsed radar and _ television. 
Finally, the perfection of new piezo- 
electric and ferroelectric materials such 
as the Titanate ceramics would provide 
an additional avenue toward the real- 
ization of other useful crystal-filter 
characteristics. 
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\ Into your product 
=~... your design 


Engineering projects can be completed quicker 
. Laboratory and production operations speeded 


up... Greater profits retained 


BECAUSE 








PANORAMIC’S NEW 
SONIC ANALYZER LP-1a 


provides high-speed visua! analysis of sounds, vibrations 
and electrical waveforms . . . identifies mechanical and 
electrical defects or variations. 


Used in designing, 
improving and 
production testing: 


Versatile, flexible, fast. In only one second the LP-la depicts the 
frequencies and amplitudes of sound or vibration waveform compo- 
nents, eliminating tedious, complicated point by point measurements 
Makes possible observation of changes in energy distribution while 
the waveform itself varies or while design constants are altered. 


Ball bearings 

Jet and reciprocating 
engines 

Electric motors 

Home appliances 

Business machines 

Pumps 

Blowers and fans 

Compressors 

Air frames 

Tire performance 

Any rotating or os- 
cillating machinery 


Data presented graphically for direct reading. Optional companion 
recorder permits permanent recordings of waveform content over 
extended periods. Tuning control and three-step scanning 

range allow sharp, detailed analysis. A valuable aid 

designwise or productionwise. 


Get complete details 
on how a Panoramic 
Sonic Analyzer can 

help you. 


Noss Noss cn 
Descriptive data 
sheets, prices, de 
livery schedules sent 
on request. A Pano 
ramic Application 
Engineer will be glad 


to discuss your Spec 
RADIO PRODUCTS, INC. 






the pioneer 


/ | 


is/the leader 


/ 


trum Analysis prob 
lems with you. 
Special instruments 
to order. 


522 South Fulton Avenue, Mount Vernon, New York ° Phone: 


Cables: Panoramic, Mt. Vernon, New York State 


These organizations have found Panoramic equipment PROVED PERFORMERS:-—Allis-Chalmers Mfg. Co 
Bell Aircraft Corp., Bell Telephone Co., Boeing Airplane Co., California Institute of Technology, Chrysler 
Corp., Convair, Cornell University, Curtiss Wright, Dept. of Defense, E. |. Dupont de Nemours & Co 
Eastman Kodak Co., Ford Motor Co., General Electric Co., General Motors Corp., Hot Point Co., Lockheed 
Aircraft Corp., Massachusetts Institute of Technology, Philco Co., Pratt & Whitney Aircraft, Radio 
Corporation of America, Sperry-Gyroscope Co., U. S. Testing Co., Inc.. Western Electric 


FOR MORE INFORMATION CIRCLE 10 ON INQUIRY CARD 


OWens 9-4600 











| COMPONENTS DESIGN 





ELAPSED TIME INDICATOR 


Ingenuity in Design 


Small size, light weight designs fre- 
quently present production problems 
once the design challenge has been 
met. Such was the case confronting the 
Magnetic Instrument Manufacturing 
Corporation, Thornwood, New York, in 
the design of an elapsed time indicator 
for airborne electronic equipment. 

Design objectives included a _ time 
range from zero to 10.000 hours, ac- 
curacy in the order of a few percent, 


volume 


9 


around 3% cubic 


inches and weight about four ounces 


somewhere 


hermetically sealed and with a produc- 
tion price of $40/$50 in quantities. 





FIG. 1—Hermetically 


sealed elapsed 
time indicator weighs four ounces and 


measures 144” x 1%” x 21%4”. Time 
range is 9,999.9 hours indicated on five 
counter wheels. 


Magnetic Instrument’s engineers 


started with a more or less standard 


approach calling for a synchronous 
motor, the speed of which is deter- 
mined by the line frequency, and a 
gear train driving a digital counter. 
This immediately presented a problem 
because a standard 400 cycle four pole 
synchronous motor runs at 12,000 rpm. 
They felt that almost anything running 
at 12,000 rpm would have a life ex- 


considerably lower than 


10,000 hours. This portion of the prob- 


pectancy 


lem was solved with the design of a 
small low speed motor, running syn- 
chronously at 2400 rpm. With the 
motor design out of the way, Mag- 
netic’s engineers turned to the problem 
144,000 to 1 
reduction in the extremely small size 


of a gear train with a 


available. 

First, instead of using four counters 
for a 10,000 hour count, they used five 
to reduce the gear reduction by a 
factor of ten which also permits time 
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a ECCENTRIC BEARING HOLDERS 





a 


\ TO COUNTER 











120 TOOTH GEARS 





MOTOR 
a 
FIG. 2—Above gear train shows how 
reduction of 144,000 to one was accom- 


plished with two worms, two 120 tooth 
gears and an escapement. Because the 













FIG. 3—When no source of supply for 
their gear requirements was readily 
available, Magnetic Instrument Manu- 
facturing Corporation’s engineers made 
an automatic gear shaper from a watch- 
maker’s lathe. The operator places the 
gear blank on the shaft, pushes a but- 
ton and the machine automatically 
lowers the blank on the hobb a pre- 


to be read in decimal fractions of an 
hour. At this point the gear reduction 
problem was now 14,400 to 1, the 
square root of which is 120, requiring 
two gear passes of 120 to 1 each. Solu- 
tions involving other choices of ratio 
were considered but there are obvious 








\— ESCAPEMENT 


—~ 
1-72 WORMS 
counter is a ratchet operated unit, the 


escapement gives the required addi- 
tional 10:1 reduction. 


FINE ADJUST TO SET 
_[ DEPTH OF TOOTH 


GEAR BLANK HOLDER LOWERS 
ON HOBB EXACT PREDETERMINED 
DISTANCE. LOWERED IN PLACE BY MOTOR 


determined distance to establish tooth 
depth and cuts the gear. When the gear 
is cut the machine automatically stops, 
the operator removes the gear and in- 
serts a new blank. Operation now takes 
about two minutes. Time can be con- 
siderably reduced should the need for 
extra capacity arise. 


advantages in this arrangement as the 


gears are identical and therefore in- 
terchangeable. 

Worm gearing was the obvious so- 
lution but as other design requirements 
limited the gear centers to the order 


of one half inch no commercial gears 
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were readily available. Faced with this 
problem it was decided to make special 
gears within the Company and a 
machine was designed for this (Fig 3). 

The machine is designed around a 
standard watchmakers lathe and is vir- 
tually automatic. The operator places 
an accuratély machined gear blank on 
the shaft and presses a button. The 
machine then feeds a hobbing cutter 
into the blank to a predetermined depth 
after which the cutter retracts and at 
the conclusion of the cycle the machine 
shuts off. The operator then removes 
the finished gear, inserts a new blank 
and the cycle is repeated. The opera- 
tion now takes two minutes but the 
time can be considerably reduced 
should the need for extra capacity arise. 

After cutting, the gear is examined 
in an optical comparator with a mag- 
nification of fifteen diameters. 

In view of the very small tooth depth 
and consequent minute clearances im- 
plicit in this design the bearings sup- 
porting the two gear passes were de- 
signed as eccentrics so that proper 
spacing could be achieved with a sim- 
ple adjustment (Fig 2). Total “play” in 
the design is approximately 0.002”. 

Interesting design detail: Because the 
severe space requirements did not al- 
low for a shoulder on the motor for 
attachment to the back plate, it was 
recessed and the motor pressed in, the 
assembly being finally cemented with 
an epoxy resin as an additional safe- 
guard. This procedure gave a_ bond 
which satisfied the design requirements 
so the unit would withstand the re- 
levant military vibration specification. 





WORTH FILING 


Hydraulic Control Valves 


Six catalogue sheets describing new hy- 
lraulic directional control valves for 
earth moving, material handling, agri- 
‘ultural and other mobile equipment. 
Valves are engineered with exception- 
illy low pressure drop to provide meter- 
ing characteristics in raising. position- 
ing, rotating, holding or lowering op- 
rations. Open center parallel circuit 
lesign permits independent or simul- 
taneous operation of two or more cylin- 
ders or hydraulic motors at one time at 
pressures up to 2000 psi. 

Issued by: Industrial Hydraulics 

Division, Parker 


Appliance Company, 
Cleveland, Ohio 


For your copy: Circle 141 on Inquiry Card 
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COSMO Nylon Bobbins 


Cosmo molding methods produce nylon bobbins and washers to 
your exact specifications or you can order from a wide variety 
of shapes and sizes carried in stock for immediate shipment. 


Among the many features found in Cosmo “‘zytel’”’ Nylon 
Bobbins are: * Strength in thin sections * Dimensional 
stability * Secure flanges (one solid molding) * Resistance 
to impact * Resistance to action of many common chemicals 
¢ Rated for use up to 250°F + Good dielectric strength. 


Investigate the benefits—savings . .. increased production speed 


elimination of rejects-with Cosmo Nylon Bobbins. 


We Welcome Your Inquiry. Ye 


New catalog and samples on request 


SALES OIVISION OFFICES 


Ag Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canada 


#7 COSMO PLASTICS COMPANY __ 


3239 WEST 14 STREET © TOwerR 1-5597 © CLEVELAND 9, OHIO 
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A Book fou Should ine 
on Mechanical Sealing... 


A complete reference catalog on 
Dura Seal—the engineered mechan- 
ical seal that rotates with the shaft. f 
Amply illustrated . . 





. specific appli- 
cations . . . installation data. A fact 


book of real value to designers, oper- 





URAMETALLIC CORPORATION + KALAMALOO. MICH, 


ators and maintenance departments. 
WRITE FOR DURA SEAL CATALOG NO, 455 EL 
DURAMETALLIC CORPORATION 


KALAMAZOO, MICHIGAN 
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A FULL LINE OF 






Luster-on 


POWDERS 


FOR CHROMATE 
TREATING 


ZINC 
#50: Bright, clear, lustrous, nickel- 
like, corrosion - resistant; re- 
quires leach. 
#51: Similar to #50, but bluish 
chrome-like color. 
#52: Low-cost, no leach, bright, 
passive. 
CADMIUM 
#50: See under Zinc, above. 
#53: Improved solubility, control, 


safety in handling; requires 
leach. 


COPPER & BRASS 


Cobra: Bright, yellowish, decora- 
tive and/or protective film, 
non-fuming, single dip. 

ALUMINUM 


222M Sealer: Clear or colored film 
for corrosion protec- 


tion and paint bond. 


MAGNESIUM 


MPD 60: Yellowish film for corro- 


sion protection and paint 
base. 


Dota Sheets and Prices on Request. 
Send in part for free processing. 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 


Canadian Licensee: Alloycraft Ltd. 
Montreal 
v 


THE LZ, ae 
| CORPORATION 


76 WALTHAM AVE., SPRINGFIELD 9, MASS. 
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SHAPED-BEAM TUBE 

Time Sharing Design 

A “Charactron” shaped-beam tube, 
small enough for aircraft use, repro- 
duces « conventional radar display map 
and then prints labels on it by means 
of time sharing. Characters are printed 
on the phosphor screen at the rate of 
20,000 a second and retained by the 
phosphor while the electronic device 
does its radar work. 

A wide electron beam floods a mat- 
rix containing stencils of all desired 
letters and numbers. This beam then 
is shaped by the stencils in the form 
The 


formed is 


of the characters in the matrix. 


bundle of characters thus 
focused on a tiny aperture that al- 
lows only one character at a time to 
pass. The beam’s direction is changed 
to select each desired letter or number. 

Internal electrostatic lenses accom- 
plish focusing eliminating external fo- 
cus and convergence coils. Compara- 
tive shortness of the electron gun al- 
lows use of fewer electrodes. 

The tube was developed by Strom- 
berg-Carlson Division of General Dy- 
namics Corporation, San Diego, Calif. 


Circle 235 on Inquiry Card 


PHASE GENERATOR 


Phase 

Simple, accurate phase shifting is ob- 
tainable with a new electromechanical 
device containing no tubes, transistors 
or magamps. When 
fixed voltage at a fixed frequency, it 
produces a constant output voltage of 
the same frequency whose time phase 
can be continuously controlled by a 
dial assembly (Fig. 1). Two such out- 
puts 


Dial for Time 


excited with a 


are available which instantane- 
ously differ from each other by 90- 
degrees in time phase. 

Theta Instrument 


East Paterson, N. J. 


Corporation of 
says the advan- 





CERAMIC RELAY 


Redundance for Reliability 
A relay that 
during vibration of 25G from 10 to 
2000 cps, during 50G shock and at 
ambient temperatures of 200° without 


cperates satisfactorily 


contact chatter was introduced at 
WESCON. Contacts of the new relay 
are in a vacuum surrounded by a 
sturdy stacked ceramic enclosure. 
The unit uses three contacts in par- 
allel in each switching circuit to ob- 
tain high reliability, high current han- 
dling capacity and to eliminate con- 
tact bounce effects. These relays will 
switch low level “dry” circuits in the 
millivolt-microampere range as_ well 
as handle inductive loads with peak 
currents of 60 Con- 
the 


amperes at 300 volts. 


inrush amperes. 


tinuous rating of contacts is 25 
Use of a vacuum minimizes spark- 
ing and pitting. High temperature pro- 
cessing required during manufacture 
results in volatilizing of foreign ma- 
terials which might otherwise cause 
contamination of the contacts. 
Jennings Radio Manufacturing Cor- 
poration is currently developing larger 
ceramic relays for handling inrush cur- 
rents up to 1500 amperes, as required 


in missiles applications. 


Circle 240 on Inquiry Card 


tages of its new unit over purely elec- 
tronic phase generators are: 
eAbsence of tubes and _ associated 
power supplies allows more compact 
and more reliable design. 
eWarm-up time is not necessary. 
eLess adjustments prior to use. 

Its disadvantage, they say, is that it 
requires a fixed carrier frequency. 

The electrical portion of the electro- 
mechanical phase generator consists of 
resistors, capacitors and a_ precision 
resolver (Fig. 2). The network operates 
upon the input voltage, breaking it into 
two components equal in amplitude, 
but different in time-phase by 90 de- 


grees. Each component is inserted into 

















PRECISION RESOLVER 
<.) PHASE 1 
OUTPUT 
z x | 
Z fe) re} 
- 
es é ! © 
Ke oO w 
Ss x 2 i 
Z ) 1 © PHASE 2 
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DIAL ASSEMBLY 
FIG. 2—Schematic of phase generator. 
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. Section of department making stators for Bendix synchros and motors 
acture 
n ma- 
cause bé 77 
é' I 
y Cor- ‘.L— 
sh cur- 
y elec- Fast delivery of practically any type syn- 
chro at minimum cost. Isn’t that what you 
ociated want from your synchro supplier? 
ompact mee Los Tm If so, consider how well Bendix fills the 
ve —— ee 2 1. . ~* . 6c ” ¢ 
— bill. First, as a virtual “supermarket” for 
EXTERNAL SLIP RING AUTOSYNS® synchros, we maintain mass production 
: ; ’ : hat means mini it prices, eve ) 
that it Bendix external slip rings replace ordi- and configuration of these external rings. =e nee vee oe _— eiuane-tan 
=* nary fixed leads where it is desired to small-quantity buyers. Second, we produce i 
Vy. rotate the stator in addition to, or instead As can be seen from the few examples virtually all types of synchros as standard 
electro- of, the rotor. Individual mechanical and below, many variations are possible in . ; ea : : tals f 
. . . . . - r oa re vs fery 
‘ electrical requirements determine location Bendix External Slip Ring Autosyns. items, _ aning you can get delivery fast 
sists of —immediately, in most cases. 
recision Finally, Bendix synchros are built to 
perates exacting precision standards that equal 
, it into ... or exceed ... those of any other 
plitude, synchros made. 
c % ‘ 
90 de Let our vast experience and mass pro- 
ed into duction facilities go to work on your 
Three external stator rings Rotor and stator rings Rotor and stator take-offs ! F 
in face of Autosyn. mounted concentrically with are by meons of brushes S) nchro needs, too: 
outside diameter of housing. riding on these external 
PHASE 1 ' . 
Two external rotor rings. Rotatable gear mounted to rings. District Offices: Burbank, Calif., Dayton, Ohio, Seattle, Wash. 
OUTPUT Autosyn. Export Sales and Service: Bendix International Division, 205 E. 42nd 
St., New York 17,N. Y 
pester: Eeli Pi Divisi } 
ener clipse-Pioneer Division Yd, 
Teterboro, N. J. AVIATION CORPORATION 
FOR MORE INFORMATION CIRCLE 14 ON INQUIRY CARD 
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Design Electronic Controls for RELIABILITY IN SERVICE 
sith Alden Components for PLUG-IN UNIT CONSTRUCTION 


Be sure your Engineers are working with the Alden Handbook of plug-in unit design. Presents 
complete line of basic components of tremendous flexibility for adapting your equipment to plug-in 
construction 


REQUEST FREE 250-PAGE “‘ALDEN HANDBOOK” 





] Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


( Lor — | 5 
SHSSp ~~ re) © © Se 
Ne: TX + A + += = 
_——s Bae JUMPER STRIP ri 
PREPUNCHED TER= MINIATURE Eliminates wiring CARD-MTG. 
MINAL MTG. CARD TERMINALS for common circuits SOCKETS 


You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
ockets staked to accommodate any circuitry — making complete units ready for housing. 
Components snap into unique Aiden Terminals, are held ready for soldering 


? To mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND 
e CHASSIS give tremendous variety with standard components 4 SIZES: 


ALDEN ® 

PLUG-IN 4 SIZES: « ¢ e ‘ 
; PACKAGI + 58 i] ’ 
\ —— & 20-PIN ’ 
(img ste 









= = 

") Flew YOUR 
cit COMPLETED 
U lit CIRCUITS 


FOR PLUG-IN 
PACKAGE OR 
CHASSIS 









‘< 


«i ALDEN 
- co? @ y 


BASIC CHASSIS 2” 4 8 a 


Alden components provide standard plug-in or slide-in housings—with spares, your circuits become units replaceable in 30 seconds. 


3 Give chassis easily traceable interconnects and 30-second 
* replacement with ALDEN SERVE-A-UNIT KIT 
IT’S AS SIMPLE AS THIS Arrange Alden Side Rails (1 
and Alden Lock Frame (2) 
o to suit your chassis. Alden 
Serve-A-Unit Locks (3) 
mount in your chassis to en- 
gage pre-punched holes in 
Alden Lock Frame (2) to 
pilot, draw in, lock or eject 
Arrange Alden Back Connec 
tors (4) in orderly row on 
Alden Lock Frame. Mount 
mating Alden Back Connec- 
tors on your Chassis 


GIVING YOU !) Chassis that plugs in, locks and ejects 
with half turn of the wrist. 2) leads so beautifully 
organized, accessible and identified that non-technical 
personnel can service 





















ALDEN BACK . Accessible central check point, y aad 
CONNECTORS leads color coded and numbered 





4, Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 
oo MINIATURE or MINIATURE 
TEST JACK iw INDICATING 

LIGHT 
9138 WN. Main St., Brockton 64, Mass. ~~ | : t 
~.. From Alden’s Line of Ready-made Compon- 
ents for Unitized Plug-in Unit Construction. 


MINIATURE 
INDICATING 
FUSE HOLDER 








WE MOLD AND FABRICATE 
RUBBER AND SYNTHETICS 


WITH |MAGINATION 





Difficult . . . Intricate. These 
perfectly executed BELLOWS 





represent the care and skill of 
master craftsmen . .. years of 
experience and know how 

Made in many sizes . . Many 
shapes . . . bellows such as these 


key links in thousands of 
ferent types of equipment... 
rtorm important tunctions. 
the important functioning of 
ir product or equipment : 
that key link . . . whether it 





_ i 
2 be a simple channel, bumper, o1 
weather strip; seal, washer or 
grommet; diaphragm or connector 
‘ we can help solve your 
blems in designing, molding or 
fabricating mechanical goods of 

rubber and synthetics. 


Write, wire, phone for more com 
plete information, TODAY. If you 
ave prints, ask for quotation. 


MECHANICAL RUBBER PRODUCTS CO. 


America’s Newest and Most Modern Rubber W<¢ 





21 Vail Road * Warwick, New York + WaArwick 55-2271 
Direct N.Y.C. Phone: REctor 2-9652 © Representatives in leading cities 
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a separate resolver winding. The re- 
solver is basically a variable trans- 
former which at one point is fully 
coupled to the zero-degree component 
and ninety space-degrees away is fully 
coupled to the 90-degree component. 
Thus the resolver makes possible the 
conversion of “time-phase” to “space- 
phase.” 


DESIGN PROBLEMS 

Theta engineers’ major design problem 
was in creating an output that would 
maintain its phase accuracy through a 
wide range of output impedances and 
input voltages. Both the resolver and 
network characteristics are normally 
altered in the face of these two 
variables. 

One problem was solved by select- 
ing precision resolvers under simulated 
load conditions to insure the mainte- 
nance of phase accuracy in application 

The other problem was solved by 
taking advantage of the transformer 
characteristics of the resolver to im 
pedance isolate the passive network 
from the output load. 

Major manufacturing problem, ac 
cording to Theta engineers, was one 
of maintaining accuracy without ex- 
cessive cost. They decided to divide 
the instruments into three categories 
with phase accuracies of 12 minutes, 
30 minutes, and two degrees. Each 
resolver is tested for electrical erro1 
by the four-arm bridge method and 
classified into the three groups. Each 
passive network is tested for ampli 
tude balance and 90-degree phase 
shift and also placed into three groups 
In this manner, virtually all component 
parts can be grouped into one of the 


three accuracy classes. 


FREQUENCY CHARACTERISTICS 

Since the phase generator is sensitive 
to frequency, a circuit trimmer com 
pensates for a ten percent deviation 
from the nominal excitation frequency 
At the factory, each unit is set for an 
excitation frequency within 0.2 per 
cent of nominal. The excitation source 
should have a frequency stability con 
sistent with the phase accuracy the 
application demands. 


AMPLITUDE CHARACTERISTICS 

As the dial of the phase generator is 
rotated through 360 degrees, the out 
put amplitude is factory adjusted to 
vary less than 0.8 percent. Any _per- 
centage of frequency variation in the 
source of the phase generator will 
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Input: 105-125V, 60-500 cps, approximately 3A. 

Output: 100-150V, 0-1.5A. 

Ripple: ONE MILLIVOLT RMS. 

Regulation: Line, 0.1%, 105-125V. Load, 0.1%, NL-FL. 

Transient Response: ZERO-LAGGED for 10% line transient or 

+ 25% load transient. 

Output Impedance: 0.06 ohms at dc. Less than 0.5 ohms, 

DC-500KC. 








ULTRA COMPACT—More power supply per inch of 
panel height than ever before! 


COOL—Throws less heat into the cabinet than any 


other type of supply . . . 1/10th the heat generated by 
vacuum-tube equivalents. 


FULLY TRANSISTORIZED—Semi-conductor rectifiers, 
zener-diode reference standards, transistor series regu- 
lators, transistor loop amplifiers. 





371 CARNEGIE AVENUE, 








ILLUSTRATED: MODEL SS-1503 





Meters: 0-150 volts, 0-2 amperes, 4%” rectangular, 2%. 
Size: Standard 19” panel, 5%” high, 14%” deep behind panel. 


Duty: Continuous, between —20°F and 110°F, 100% humidity, 
0 to 10,000 feet. 


Polarity: Reversible and floatable to 500V peak from chassis 
ground. 


Price: $465. f.0.b. Kenilworth, New Jersey. Generous quantity 
discounts. Delivery 15 days. 


SOLID STATE POWER SUPPLIES 


hove Evoujthing! 


HIGH STABILITY—Improved high-gain balanced PNP 
amplifier—prestabilized zener reference. 


LOWER PRICE—As much as 30% less than inferior 
vacuum-tube equipment. 


TEN MODELS—Covering 0-300V at 0-1.5 amperes for 
every plate, bias, and clamp application. 


Write for our Solid State Catalog. 


corporation 
Electronic Development & Manufacturing 


KENILWORTH, NEW 


JERSEY 


Competent Engineering Representation Everywhere 
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cause the same percentage of ampli- 
tude variation in the output. 

The source 
at any voltage between 10 volts and 


excitation can be set 
115 volts without phase error. Since 
the ratio of output to input is a fixed 
parameter, lowering the input will ac- 
cordingly lower the output and, al- 
though phase accuracy remains un- 
affected, the dial will shift. A 
simple means has been provided to re- 


Zero 


zero the dial assembly when excita- 
tion is other than 115 volts. 

The equivalent circuit of the phase 
generator output is an impedance in 
series with a source. Although loading 
causes attenuation, the phase accuracy 
and output amplitude variation remain 
unimpaired. 

Another effect of loading causes the 
zero-degree reference to shift by a 
constant amount. Unless the load ap- 
proaches the value of the output im- 
pedance, dial re-zeroing is not required. 


Transistorized Power Supplies 


Another source of _ transistorized 
power supplies is now available with 
the entry of Electronic Assembly Inc.’s 
Minisource. Marketing a complete line 
of low voltage units, the Roxbury Mass. 
company’s power supplies vary from 6 
to 50 volts with full load current rat- 
ings from 50 to 500 ma. 

Designed for either 60 or 400 cycle 
operation, ripple and regulation factors 
are better than 0.5 per cent; tempera- 
ture range of operation from —30 to 
+65 C. Units have passed shock and 
vibration tests. 








Elasco engineers have packaged their 
power supplies for various design ap- 
plications: Top left: 9” x 6” by 5” 16- 
29 volts 250 ma unit for lab use. Top 
right: deep-drawn, transformer-cased 
unit for incorporation with instrumen- 
tation. Bottom: special design for a 
transistorized computer application in 
which two supplies were combined on 
a 5%4” x 19” rack panel. 
Circle 133 on Inquiry Card 
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Improved Signal Synchronization 
For Oscilloscope 


Smooth, automatic trigger synchroniza- 
tion by the vertical input signal over 
the whole pass band from less than 10 
cps to more than 10 Mc is a new im- 
provement in the Model 411A Oscil- 
loscope made by Laboratory for Elec- 
tronics, Boston, Mass. Easily attained 
by use of a single control, synchroniza- 
tion is independent of positioning or 
amplitude adjustments. 

Model 411A is a wide band, pre- 
cision, general purpose oscilloscope for 
Vertical 
amplifier sensitivity is 20 mv/cm of 


research or production use. 


Seana Tle 


/ 


Seem 





display with a pass band of d-c to 10 
Mc. Sweep speeds range from 0.1y- 
sec/cem to 0.1 sec/cm. 


Circle 168 on Reader Inquiry Card 
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Trigger Amplifier Circuit. Trigger 
amplifier accepts signals from the ver- 
tical amplifier internally or from an 


external source. Signal is amplified 
and fed to a bi-polar limiter stage 


where it is clipped at a level deter- 
mined by the trigger amplitude con- 
trol. Amplitude of the pulse coming 
out of the limiter is constant over the 
range of input signals which the trig- 
ger amplifier accepts. This signal, 
again amplified, triggers a Schmitt 
multi-vibrator which insures an out- 
put pulse with steep rise time. This 


Nuclear Powered Delay Timer 


A miniature delay timer with a mini- 
mum use life or shelf life of 25 years 
and reliability under extremely adverse 
environmental conditions has been de- 
veloped by use of a nuclear battery 
(Fig. 1) and a simple timing circuit. 

Time delays from milliseconds to 40 
hours can be specified with an accu- 
racy of plus or minus three percent 
over a temperature range from —65 
to 160 degrees F. 

A practically unending supply of 
energy from the nuclear battery per- 
mits testing of time interval and en- 
ergy transfer before use. The battery 
is a constant current source where the 
current available is a function of the 
quantity of radioactive material used. 
It has a capacitance of 4 mmfds and an 
equilibrium voltage of the order of 5000 
to 10,000 volts. 

The unit, designed by the Patter- 
son, Moos Division of Universal Wind- 
ing Company is 22 inches in diameter, 
1% inches long, weighs 0.4 lbs. 


Circle 167 on Inquiry Card 











signal is then differentiated and trig- 
gers the sweep circuits. Amplifier can 
trigger the sweep circuits with an in- 
put signal above 20 mv/cm peak-to- 
peak. This can be done with sine wave 
frequencies beyond 10 mc_ without 
complicated controls. Once the scope 
is triggered the sync is unaffected by 


either positioning or amplitude 
changes. Since the scope is actually 


triggered by the incoming signal, scope 
control is maintained over entire fre- 
quency spectrum. 
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FIG. 1—Diagram of the nuclear bat- 
tery. An electrically insulated elec- 
trode in contact with a beta-emitting 
radioisotope is one plate of an elec- 
trical capacitor. A brass case acts as 
the collector and other plate of the 
capacitor. Beta particles emitted by 
the radioisotope are collected, causing 
a difference of potential across the ca- 
pacitor. Because source of battery 
energy is a radioisotope with a half life 
of 25 years, the life of the battery is 
in excess of 25 years. 
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CURE FOR CRAZY MISSILES 





Once airborne, “sick” autopilots are a cinch to spot. Even 
the boys at the roadblocks can spot them. The trick, of 
course, is to design those bugs out of the guidance svstem 
long before the count-down. It’s easv to say. And it’s easy 
. with the SERVOSCOPE® servosystem analvzer. 
You “fly” the complete system through the entire perform 


to do too .. 


ance envelope, and spot all of the weak points in no time 


flat with Servoscope. 


That's why it’s SERVOSCOPE everytime. That's why 
SERVOSCOPE is THE standard. Most missiles, and nearly 
every control system, are checked-out with the SERVO 
SCOPE. 


SERVOSCOPE is the only servosystem analvzer that pel 


forms a//l of the checks necessary for guidance systems .. . 


SERVO CORPORATION OF AMERICA 


an equivalent check-out with other means takes at least six 
separate instruments and assemblies. That's why vou'll find 
the leading missile builders and suppliers using Servo 
Corporation’s units in their plants 


An entirely different part of the missile’s speed record is 
set by the SERVOBOARD® electromechanical assembly kit 
This portable, versatile arrangement expedites mock ups 
of anv Servosystem and slashes transition time from drawing 
board to missile “shoot.” 


Servoscopes and Servoboards can play vital roles in a// tvpes 
of servosystems. Want a demonstration? More data? Just 
send youn request to Technical Information Group, Roon 
D, Servo Corporation of America, 20-20 Jericho Turpnike 


New Hyde Park, New York 


FOR MORE INFORMATION CIRCLE 18 ON INQUIRY CARD 
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formula for profit! 


SPARTA’S 


CUSTOM MOLDED 








Product wizardry is being worked today by many nationally 
known companies through the use of Sparta’s patented process 
for custom molding Teflon in thin sections and shapes and 
heavy parts of Teflon . . . opening the door to many 
product-improvement and cost-reduction opportunities 
heretofore thought impossible. 


PREDICTABLE PERFORMANCE 

if you want a custom molded part of Teflon that will work under 
severe service conditions and extreme temperature ranges 

. and hold required tolerances . . . SPARTA’S patented 
process of custom molding is YOUR ONLY ANSWSR. 





TRAINED FLUOROCARBON ENGINEERS 
An experienced staff of Fluorocarbon Engineers . . . men 
highly trained in designing component parts of Teflon .. . are 
available to assist in solving all problems you may be 
experiencing through the use of ordinary flexible materials. 


PROPERTIES & CHARACTERISTICS of TEFLON 
Tefion is suitable for use within temperature ranges of — 450° F 

to 550°F; it is flexible and tough, chemically inert, unaffected 

by corrosives, with extremely high dielectric strength 

under wide frequency ranges, and low co-efficient of friction. 


SPARTA _MANUFACTURING COMPANY 


DIVISION UNITED STATES CERAMIC TILE COMPANY 


DOVER, OHIO PHONE 4-2380 


WESTERN DISTRICT OFFICE 
PHONE ANGELUS 3-6359 LOS ANGELES, . CALIFORNIA 





CUSTOM MOLDED PARTS ¢ FLEXIBLE TUBING ¢ HEAVY WALL and 
SPAGHETTI TUBING ¢ BACK-UP RINGS ¢ 0-RINGS ¢ ROD ¢ SCREW 
MACHINE PARTS © SHEET ¢ TAPE ¢ SPRAY and DIP COATINGS 


*DuPont’s Tetrafluorcethylene Resin 


TEFLON’ 


WHEN YOU THINK OF TEFLON... THINK OF SPARTA 


THE FIRST COST CAN BE THE LEAST 





CUSTOM MOLDED PARTS AND 
TUBING OF TEFLON SIMPLIFIES 
NEW PRODUCT DESIGNS ... 
HELPS SOLVE OLD PROBLEMS! 


Uses of Teflon in the electrical and 
electronic fields include: insulation, 
tape, and custom molded parts for 
all types of motors, generators, and 
transformers; coaxial cable, capacitor 
dielectrics; hookup and lead wires 
insulated with. tubing of Teflon. 
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Stabilized Operational Amplifier 
for Electromechanical Designs 


With electromechanical engineer’s 
veeds in mind, George A. Philbrick Re- 
earchers, Boston. Mass., have 


combined the circuits of their opera- 


Inc., 


tional amplifier module and chopper 
stabilizing amplifier module in one com- 
pact printed-circuit unit. 

Designed for applications to instru- 
mentation, control and analog compu- 
tation, it has the extremely high open- 
loop d-c gain of ten million and _ is 
adaptable to mounting in any desired 
fashion. The unit is applicable where 
accuracies of d-c operation in the order 
of 0.1 percent are demanded. 

Operational amplifiers are direct 
coupled amplifiers used as standard 
components in analog computing 
equipment to perform mathematical op- 
erations and transformations, usually by 
negative feedback. These versatile units 
readily perform such basic operations as 
summing, scaling, integrating, and dif- 
ferentiating and can be implemented to 
perform combinations of these and 
other transformations both linear and 
They 


non-linear with equal facility. 


usually have high gain, wide band- 























Positive locking feature 
eliminates safety wiring 


The new Bendix* “PT” connector repre- 
sents the greatest advance yet achieved in 
miniature connector design. It incorpo- 
rates more exclusive features than any 
miniature connector on the market. Here 
are a few of the things that make the 
Bendix “PT” outstanding in the connec- 
tor field today: 
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Export Sales and Service: Bendix International Division, 205 East 42nd St. 






























width, high input impedance for mini- 
mum loading, and low output imped- 
ance so that reasonable loads: may be 
driven. 

Operational amplifiers are also used 
in electronic portions of closed loop 
control systems as brains to command 
the muscles. Error between the desired 


@ Safety wiring completely eliminated 


e@Mechanically assisted coupling and uncoupling through 
cam action 


eVisual and audible inspection of coupling—perfect for 
“blind” locations 


@ Three-point bayonet lock; perfect axial alignment of 
mating parts at all times 


e@ Constant spring tension behind mated insert faces 


efive key polarization—positive protection against mis- 
mating or cross-plugging 


e@Resilient inserts, performance-proved in millions of 
Bendix connectors over the past ten years 


eHeavy gold plating over silver on all contacts 
@ Closed entry, probe-proof socket contacts 


SCINTILLA DIVISION of 


SIDNEY, NEW YORK 


FACTORY BRANCH OFFICES 


condition and the existing condition 1s 


constantly measured by an input ampli- 
fier, then (sometimes by the same am- 


plifier is amplified, — transformed, 
scaled, and applied through power ac- 
tuators to the process under control as 
a corrective force to reduce the error. 


For your copy: Circle 249 on Inquiry Card 


bye PT” PYGMY ELECTRICAL CONNECTOR 
WITH 5-KEY POLARIZATION, 3-POINT LOCK 





fa 


sia ol 





@oth pin and socket contacts machined from high-grade 
copper alloy 

@Machined bar stock or impact-extruded shell components 
cadmium-plated to QQP-416; olive drab iridite after 
treatment 


“PT” connectors accommodate about 
three times as many circuits, size for size, 
as comparable ““AN” connectors. Like so 
many Bendix products, they are a result 
of the traditional Bendix policy of antici- 
pating the needs of the aviation industry, 
in this case the trend to higher voltages 


and smaller conductors. * TRADEMARK 
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ATION CORPORATION 


, New York 17, N.Y 


117 E. Providencia Ave., Burbank, Calif. « Paterson Building, 18038 Mack Ave., Detroit 24, Mich. ¢ 545 Cedar Lane, Teaneck, N. J. ¢ 5906 North Port Washington Rd., Milwaukee 17, Wisc 
Hulman Building, 120 W. Second St., Dayton 2, Ohio » 2608 Inwood Road, Dallas 19, Texas e 8425 First Ave., South, Seattle 8, Washington « 1701 “K’’ Street, N.W., Washington 6, D. C. 
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Simmonds 
Push-Pull Controls 


For dependability in transmitting mechanical motion, in rigid or 
highly flexible casings, choose SIMMONDS Push-Pull Controls. 
These versatile systems are precision engineered to critical aviation 
requirements—they MUST work with positive action and stand up 
in exacting service, light or heavy. In stainless steel, aluminum, 
alloy steel or combinations, they withstand high frequency cycling, 
for simple or complex routings. They are vibration resistant, easy to 
maintain. For aviation, marine, automotive, railroad, farm machin- 
ery and many industrial uses. 

Available in a variety of sizes and weights for standard controls, 


“or custom-designed to meet your specifications. Write on your 


company letterhead for detailed design portfolio. 


& DrMRFMIOMCdS AEROCESSORIES, INC. 


General Offices: Tarrytown, New York e Branch Offices: Detroit, Michigan 
Dayton, Ohio * Washington, D.C. ¢ Dallas, Texas « Wichita, Kansas ¢ Glendale, 
California « Seattle, Washington. 

Sole Canadian Licensee: Simmonds Aerocessories of Canada Limited « Montreal 


FOR MORE INFORMATION CIRCLE 21 ON INQUIRY CARD 
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CONTROLLABLE INDUCTORS 


Ideas for R-F Switching 


Controllable Inductors are proving 
increasingly useful as electronic com- 
mutators in radio frequency circuits 
Here are some useful design ideas 
and techniques sent to us by Elton T. 
Barrett, President of CGS Laboratories, 
Inc. But first some background in- 
formation. 

In operation, a controllable inductor 
is the same as a saturable reactor ex- 
cept that the materials and configura- 
tion have been selected to permit 
operation at high frequencies—up to 
100 me (Fig. 1). Elimination of mov- 
ing parts is important in field use 
where the requirement for equipment 
with a long and trouble-free life is 
dominant. 

“Switching action of controllable 
inductors is rapid,” reports Mr. Barrett, 
“and can be controlled by a modest 
direct current resulting in maximum 
flexibility of control and programming 
in connection with the associated con- 


CONTROL WINDING 


i 

| @gonrae 

; CONTROL] |! 

WINDING ; 

' 
' 
! SIGNAL 
||| WINDING 
{ 
! 
‘ 
! 
' 





l SIGNAL WINDING 
BIAS WINDING 
FIG. 1—Construction of one type of 
controllable inductor useful in RF 
switches. Two ferrite ring cores carry 
a control winding and a signal (con- 
trolled) winding. When a direct cur- 
rent is applied to the control winding, 
the effective inductance of the con- 
trolled winding decreases as the ferrite 
core becomes saturated. A balanced 
signal winding and internal shielding 
reduce capacitive coupling and trans- 
former action between control and 
signal windings to a small value. 


trol circuitry. Logic circuitry can be 
made to control the switching action 
automatically in response to almost 
any predetermined set of conditions. 

“Controllable inductors provide at- 
tenuation changes of 40 to 80 db. In 
most applications insertion loss of 0.1 
db can be achieved at frequencies up 
to a few megacycles, increasing to 1 
or 1.5 db at 400 mc.” 

Design of the inductors and the cir- 


ELECTROMECHANICAL DESIGN 
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cuit for such a radio frequency switch 
depend upon: 

@ Frequency and bandwidth of the 
signal to be switched 

Maximum attenuation required 

RS Loss that can be tolerated 
Switching time 

Repetition rate at which the signal 


is to be switched 








proving 





Number of switching elements and 


ic com- Spelt 
ale combinations required 
circuits. 
@ Isolation required between control 


n ideas 











circuits and radio frequency switch- 2 
éIton T. te ; 
. ing circuits 
ratories, 
ind in- ON-OFF SWITCH 
Fig. 2 illustrates a design for “on- 
inductor J of” operation. A control circuit is ar- 
ctor e€x- fF ranged so that as the inductance Li 
mfigura- | increases in magnitude, the inductance 
rmi : wath et 2 
permit — |. decreases and vice-versa. This de- New servo-controlled ’ Tilt Table”’ 
—up to ft con can be acc lished in ; ber 
: Gn Can De accomp ished In a numbdel = . . - 
of mov- | of ways so that a single control cur- for missile guidance testing 
eld us€ } rent can simultaneously increase the 
uipment F inductance of one winding and de- | This Thompson-engineered mo- consists of electro-mechanical as- 
life is | crease the inductance of the other. For bile unit aids in the functional check sembly, electronic pre-amplifiers 
sectbats example, one of the inductor cores of an intercontinental missile’s and pick-off amplifiers, and quad- 
rohlabie . . : : > rin , : P ° . . ° ° e 
Barrett can be maintained normally in a | internal guidance gyroscopes. It __rature rejection unit. Two-gimbled 
arrest; | saturated condition either by a per- generates angular position and _ ' : — ;' 
renee ; ‘ ates angular position anc Support structure will carry a i 
S| manent magnet or a separate bias velocity inputs to the gyros. Unit 125-lb. guidance pack 
oxi ae ) Syros. 25-1b. ance package. 
axImuUumM F winding carrying a steady d-c_ bias i - 5 
ramming Ff oyrrent. 
ted con- 
R 
os 
! 
! SIGNAL 
I WINDING 
' 
! 
' 
! 
' 900 
type of , , ‘ , 4 WwW 
Aa RF | FIs. 2—Operation of a simple control- te Actuator 
able inductor switch arranged only for ff 
es carry rs ps i a " h 
al (con- “on-off” operation. Rs indicates the d opera es for 100 hours at : 
- wae. | impedance of the source of the radio ° . e 
ect cur- ; ; 
winding frequency signal to be switched, and 550 al sulbmerged in jet fuel 
he con- Ru indicates the impedance of the load i 
e ferrite | circuit connected to the switch. L; and 7 . : . : 
salanced | _L2 represent the inductances of the Pictured is a new Thompson- put is 10 watts (mechanical). 
shielding —— windings of two controllable in- | developed actuator used in Torque output is 150 inch-ounces 
~~, “= L ». —— ° ao : 3 ae et . 
a, missiles. It consists of motor, at 30 rpm at 550°F. Servo per- 
ue. The control winding is connected so gearing, feed-back pick-off and formance in conjunction with a 
that the flux produced by it opposes the jacket. Unit has been tested for computor produces a positional 
can be| bias flux and the control current in- 100 hours of operation at 550°F accuracy of +'% degree. Approxi- 
« action} ¢reases the inductance of the associated | submerged in jet fuel. Power out- mate size: 3” diameter x 4”. 


» almost | signal winding while decreasing the in- 


\ditions. ductance of the other control winding. Call on Thompson for development and production of electronic 


WI | “it lik ag . control sub-systems and components, countermeasures and 
vide at- 1€ nt 1e two units are alike, insertion microwave components. We invite your inquiries. 
) db. In|] loss of the switch is Lyyjin/Lmax, Where 


ss of 0.1} Lmin and Ly, respectively denote the ELECTRONICS DIVISION 


ncies up minimum and maximum inductance 


ing to | values of the windings L, and Lg. 'p Thompson Products, Ine. 


This value is typically about 0.1 db up 2196 Clorkwood Read, Cleveland 3, Ohie 


| the cir- continued on page 30 | FOR MORE INFORMATION CIRCLE 22 ON INQUIRY CARD 
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DALES 


“Temp-Guard’ 


CASES: Copper, aluminum, anodized alum- 
inum or nickel. Live or dead cases. 
INSULATION: Triple- wall Fiberglas — 
impregnated; dust-proof, moisture-proof, 
hermetically sealed for immersion or com- 
pression, or sealed for varnish dipping and 
baking. 

CONTACTS: Fine Silver or special alloys to 
meet specific application requirements — 
totally enclosed. 

TERMINALS — LEADS: Furnished to your 
specifications. Enjoy new production line 
economy of time and money. 








Pre-calibrated 
THERMOSTATS 
and MOTOR 
PROTECTORS 


CAPACITY: Standard models up tu 1/4 
H. P. UL Approved: 3 to 15 amps. 115v 
ac or 1.5 to 7.5 amps, 230v ac. 

TYPE: SPST — Normally Open and Nor- 
mally Closed contact arrangement. Bimetal 
type — friction strip models to increase 
operating differential where desired. 
GROUP FUSING TEST: 5000 amps— 
Limited Short Circuit 


mn ENGINEERING DATA AND SAMPLE THERMOSTATS 
x UL) ON REQUEST. Or, send in your specifications for a 
prompt 





lution of your temperature control problem. 


THE FRANKLIN DALES CoO. 


Temp-Guard 


ee ee ———— 





Thermostats 
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General Control Company has developed 
a superior Electronic Timer for relatively 
short timing periods (i.e. 60 milliseconds to 
60 seconds) for the automatic control of 


industrial 
processes. 


operations, equipment 


e Standard plug-in condensers and tubes 


for ease of replacement. 


e Easily accessible terminals. 


, © Prompt delivery. 


Write for Bulletin ET-600 or see our catalogs 


in Radio's Master or Sweet's Product Design File. 


The Time Has Run Out... 


when timing control can be left to anything 
but the most dependable and accurate units 
available for the task. 


and 





TYPE ETB 


Enclosed or bare chassis models 
to suit your application. 








GENERAL CONTROL COMPANY 
Boston 24, Massachusetts 


1199 Soldiers Field Road - -« 


SWITCHING 
TIMING 
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to a few megacycles, increases to about 
0.3 db at 150 megacycles and rises to 1 
or 1.5 db at 400 megacycles. Maximum } 
available attenuation is L,,4,/Lyj, and F 


an attenuation of 40db is typical. ' 
If we define the lowest and highest ' Here 
operating frequencies of the switch as §  terna’ 
se: va ie ae = castin 
those at which there is a 3 db loss regul 


caused by L, and Ls, and if the load 
impedance Ry, is assumed to be equal 





to the source impedance Rg, then at 


the lowest frequency of operation i 
OW, Linx = Re 
and at the highest frequancy of oper- J 
tion 
W. Linn = Ri ; 
W, = Re/ QL 
Wo = Rg/ Lain 
Wo/W, = 2Lanax/Lmiy, 


Typically I I is equal to 100, 


indicating that a maximum range in 


“max ‘min 


frequency of the signal to be switched The s 
is about 200:1 and_ approaches feed 

og . loy tc 
(Linax/Lmin)” if L, and L, are not alike. obtei 


Control power required to perform 





this switching operation is less than 5 
milliwatts per square wave cycle per 
second. Total control power increases 
rapidly with requirements for in- 
creased attenuation or switching rate. 

When the cores are saturated the Q 
of the inductances L, and L, is gen- 
erally in excess of 100 and is always 


higher than 50. 


HIGH ATTENUATION DESIGN 





“Where greater attenuation is neces- 
sary,” adds Mr. Barrett, “the switching 
connected in series 
With the same controllable 
characteristics as 


elements can be 
(Fig. 3a). 
described 
above, a maximum attenuation of 80 


db can be achieved with 0.2 db inser- 


inductor 





tion loss. 

“Switches with even greater attenua- 
tion can be made in the form of filters 
(Fig. 3b). Such a_ filter 


switch will 


LOAD 





This v 
and | 
ity al 
invest 


FIG. 3a—Switching elements in series 
for greater attenuation. 
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highest | Here is an example of the complex in- 
vitch as ternal coring possible with investment 
H casting. Square, round, elliptical or ir- 
db loss aoe 
regular interiors can be cast. 
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witched The sharp teeth of this sewing machine 
dog were cast in wear-resistant al- 
loy to give longer wear than could be 


obtained from machinable material. 
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This very small part measures 1%” wide 
and less than %” thick. Its thinness, rigid- 
ity ahd detail were possible only by 
investment casting. 
in series 
Design problem ? 
L DESIGN Call your Austenal representative 









and ask him to show you how Microcast can help you. 
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The complexity of this part makes invest- 
ment casting the only feasible method of a 
manufacture. Prongs have perfect di- ; 
mensional accuracy. 


Here an entire assembly incorporating 
multiple functions is cast in one unit. 
“Keyhole” coring and a number of dis- 
tinct surface details are required. 
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design with 


e es 
in mind 
In planning parts, design directly for 


Microcast and take advantage of its wide 
range of design possibilities. 















Cross-sections of irregular and varying 
thickness can be utilized. In this part the 
internal core diminishes from an irregu- 
lar square to a small round hole. 


See not only what you can do, but what 
costly, time-consuming operations Austenal 
investment casting eliminates. 























a I 
Walls of varying cross-sections are pos- 
sible. Here wall thicknesses change from 


thin to very heavy, allowing strength 
without bulk. 


These extrusion dies of wear-resistant 
alloy are readily mass-produced with 
highly complex and irregular internal Bi 
contouring. ie 
ec 
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Shown here is an example of how in- 
vestment casting can virtually eliminate EB 
hand-filing and machining by keeping ss 
uniform, intricate detail. 





This large complex gimbal was cast to 
include many details on the internal and 
external surfaces. 
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microcas vision 
224 EAST 39th STREET, NEW YORK 16, N. Y. 
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Another NEW VIVM from 


For more information 
on the new Type 
815-A, write or call: 


ACTION laboratories 


Acton Laboratories has done it again! Here is 
another fine vacuum tube voltmeter, the Type 
815-A, which follows right on the heels of the 
Type 810 recently announced. The 815-A has 
been especially designed for use in the laboratory 
— on the bench or in a rack. Independent zero 
adjustments for AC, DC, and resistance measure- 
ments insure accurate meter readings. Regulation 
of both plate and filament voltages in the power 
suppiy insures stability. 


The Type 815-A has 9 full scale DC ranges: 
0.1-1000 volts (+ or —); 8 AC ranges: 0.1-300 
volts (rms); 9 DC current ranges: 0.001 ua to 100 
ma; 9 resistance ranges: 0.2 to 500 with multipliers 
X0.1 to X10 meg. DC accuracy is +2%, AC 
accuracy is +3%, both on the 1 volt range and 
higher. Frequency response is 15 cps to 100 mc. 


DC input impedance is 100 meg; AC input imped- 


ance is 5 mmf and 10 meg. 





ACTOM LABORATORIES, INC. 





533 Main St., Acton, Mass. 


COlonial 3-7756 
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fibsiloy 
ELECTRICAL CONTACTS 


What’s YOUR Contact Problem? 


Gibsiloy electrical contacts are used to 
control current on many standard and 
diverse products. Gibson gives prompt 
service, prompt delivery, competitive 
prices, top quality. Send us your inquiry 
for a quotation. 






















Call Your ®8OsSTON 
Nearest iL. Pike 












Gibsiloy 











370 Uphom Street 
Melrose 76, Mass. 
GIBSON MElrose 4-6941 
Office: CHARLOTTE 
; W. K. Hile 
117 E. Third St. 
Charlotte 7, N. C. 
FRonklin 5-0365 
or see 
CHICAGO 
our catalog Hill-Gray, inc. 
in Sweef‘s > erey Street 
Product a EU 3.0373—_ 
Design Fi TWX Ook Pork 202 


CLEVELAND 


1925 Lee Road 
Clevelond Heights 18, 0. 
Erie View 1-4484 
DETROIT 

W. K. Cochrane Assoc. 
308 Security Bidg. 
Jackson, Mich. 

STate 2-8282 


INDIANAPOLIS 

R. D. O'Connell Co. 
4515 Berkshire Rd. 
indianapolis 18, Ind. 
Liberty 7-7600 

LOS ANGELES 

E. A. Wilcox Co. 
6436 East Corvette St. 
Los Angeles 22, Calif. 
RAymond 3-6436 
NEW YORK 

W. M. Hicks 

4 Spruce Drive 
Roslyn, L.1., N.Y. 
MAnhasset 7-6150 


GIBSON Ei 





_ Elgin 6-7703 
Robt. R. Stone Associates ROCHESTER 


Judson H, Scott 

630 Seneca Parkway 
Rachester 13, N.Y: 
GLenwood 3-2208 


ST. LOUIS 


SAN FRANCISCO 
E. A. Wilcox Go. 

277 Seventh Street 
San Francisco 3, Calif. 
HEmlock 1-6670 
SEATTLE 

E. A. Wilcox Co. 

915 Arctic Building 
Seattle 4, 


Mutual 1468 


EXPORT DEPT. 
Bessemer 






Building © 
Pgh. 22, Pa.GR 1-7217 


Cable: INLEXPORT 


cTRIC COMPANY 


BOX 654, DELMONT, PA. 
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COMPONENTS DESIGN 








provide an attenuation of 12db/octave 


filter 
shown will provide, in typical switch- 


per section. The three section 


ing operations, an attenuation of 120db. 
Similar switching functions can be per- 
formed with high-pass filter configura- 
tions. 

“Variable inductor switches can be 
arranged to switch between two sources 
(Fig. 3c), or between a number of 


sources (Fig. 3d). Inductances  L, 
through L, (Fig. 3d) are controlled so 
that the inductance of any selected one 
can be reduced to its minimum value, 
thus providing an instantaneous switch- 
ing connection between any one of the 


sources and the load circuit.” 


HIGH POWER CIRCUITS 


The RF switches described are used 
primarily in low power circuits. Higher 
power switches for transmitting and 
other applications have been developed. 

Isolation expressed as a voltage ratio 
between the control voltage and the 
signal voltage in a typical production 
controllable inductor is approximately 
equal to ten times the ratio of control 
turns to signal turns. When the wind- 
ings are balanced with a special design, 
the factor of ten increases to 100 or 
more where such complete isolation is 
necessary. Increased isolation can be 
obtained, when the control and signal 
frequencies are different, by placing a 
filter in series with the control wind- 
ings to suppress the undesired fre- 
quency components. 

Such switches are finding use also in 


applications where a 


ar ae 


ce! 


FIG. 3b—Switches with greater atten- 
uation in filter form. 











FIG. $c—Circuit diagram for switching 
between two sources. 
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i iges of wide control range (40 to 80 these two bulletins: 
of the ie Small zinc alloy die castings exclusively 
D), introduce no cross moc ulation, anc Injection molded tiny NYLON (other plastic) parts Maximums 
) not cause any change in plate cur- GRC exclusive patented techniques guarantee ownage: Vi tof? a 
ent of the tubes and therefore no precise tolerances and uniform quality . . offer broad NO MINIMUM SIZE! 
; : design flexibility. GRC saves, too, by doing it in one Quantities from 
hange in the B+ voltage even with high-speed operation . . . no trimming, no assembly, 100,000 to millions 
used oorly regulated supplies. A single no scrap loss. 
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NEW! Miniature 
Transistor Computing 
Amplifiers 









Model 807 Cover-Off View 


8000+ hours in operation with 
no failures and still going! 


Here for the first time are 
lightweight, critically accurate 
computing amplifiers offered 
on an off-the-shelf basis! 
Smaller than a package of cig- 
arettes, each of these 400 cps 
AC amplifiers has shown: 

¢ High stability and accuracy 





¢ Environmental tested relia- 
bility. —55°C to +85°C 

* Excellent operating effi- 

ciency. Better than 90% 


MAXSON MAKES 


SPECIFICATIONS 






807 Series Summation Amplifier: 
Output Voltage (rms): 8 (into 3,500 
ohms); Phase Shift: less than 0.15°; 
Accuracy: +0.1%; Typical Load: 
Mark 4 Mod O resolver’. 


807-1 Preamplifier: Output Voltage 
(rms): 4 (into 5,000 ohms); Phase 
Shift: less than 0.15°; Typical Load: 
5,000 ohms. 


808 Parallel Summation Computing 
Amplifier: Output Voltage (rms): 22 
(into 3,500 ohms); Phase Shift: less 
than 0.15°; Accuracy: +0.05%; Typi- 
cal Load: Mark 4 Mod O resolver*. 


809 Automatic Gain Control Comput- 
ing Amplifier: Output Voltage (rms): 
Max. undistorted output 0.4 volt into 
10,000 ohms; Phase Shift: less than 
5°; Typical Load: 10,000 ohms 


*On special order for use with other 


resolvers. All silicon transistors and 
diodes 


MAXSON 
INSTRUMENTS 


47-37 Austell Place 
Long Island City 1, New York 


AXSO, 
Ss) Nj 


Division of The W. L. Maxson Corporation 
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COMING 


—Rare Earth Storage Battery? 
—Rare Earth Ferrites? 


The steadily increasing scope and 
applications of electronics science and 
electromechanical design have placed a 
growing emphasis upon the chemistry of 
their components. Perhaps “chemistry” 
is rather an incorrect term and “solid 
state science” would be preferable; in 
electronics the overlap of chemical and 
physical sciences is such that no ade- 
quate line of definition exists. 

Studies in this area probe into in- 
creasingly novel directions as electro- 
mechanical component requirements 
become more precise and better under- 
stood. Inevitably, elucidation of elec- 
tronic phenomena and orientation of 
system parameters will lead into the 
hinterland of existing knowledge and 
into studies of elements and compounds 
hitherto considered as laboratory curi- 
osities and museum pieces. And inevi- 
tably, studies will focus upon those ele- 
ments and compounds whose _ proper- 
ties are less known and _ understood. 

Of the hundred or so elements now 
known within the Periodic Table, the 
transition-type elements, because of the 
peculiar nature of their electronic 
shells and their lesser known chemistry, 
have been the subject of increasing 
studies. The more peculiar transition 
and 


series—those of the rare-earth 


actinide groups—present several fea- 
tures of structural and chemical inter- 
est which would seem to suggest pos- 
session of interesting, and possible new, 
The 
rarity of members of the actinide series 
(Z 89 to Z 100) 


what against studies of their applica- 


electronic properties. extreme 
militates some- 


tions; but, since their properties are to 


~ 


wide extent paralleled by those of 
examination of 
the rare earths yields a twofold result. 


« 


the rare-earth series, 


The chemistry, physics, and general 
applications of the rare-earth elements 


STAFF COLUMNIS1 


Ronald C. Vickery 


Ronald C. Vickery is Head of Horizons 
Incorporated’s Chemistry Department 


THE CHEMISTRY 
OF COMPONENTS 


and their compounds have been cov- 
ered in several textbooks and treatises. 
In this and future columns we shall 
cover only those aspects and develop- 
ments that will be of direct interest 
to electromechanical development and 
design engineers. Today's column pre- 
sents for further thought and possible 
application some lesser known areas in 
and com- 
pounds present direct potentialities. 


which rare-earth elements 


STORAGE BATTERIES 


The development of new electro- 
chemical systems for batteries and dry 
cells is of constant importance because 
of size, voltage and life requirements. 
Several known systems otherwise appli- 
cable are incapable of maintaining a 
steady output voltage because of grad- 
ual polarization. Since polarization is 
known to be inhibited by the presence 
of cerium salts, any cell based upon 
such salts should be self-depolarizing. 
Let's consider the possible develop- 
ment of a primary battery based upon 
ceric sulphate; ceric ions are reduced 
to the cerous state producing electrons. 
Preliminary investigations in such a cell 
have produced interesting results. 


When we immersed platinum and 
“misch metal” electrodes in a solution 
of cerous-ceric sulphate, we produced 
an electrical discharge of up to 2.2 
volts. Further experiments showed that 
the same effect could be obtained with 
the electrodes inserted in a solid packet 
of ceric sulphate. Although the amper- 
age obtained was generally low, it is 
conceivable that this may be increased 
by using porous electrodes such as those 
from sintered magnetite. 


One deficit of the cell thus far pro- 
duced lies in the gradual deterioration 
of the “misch metal” electrode by oxi- 
dation of the iron contained while out- 
put appears related to degree of hydra- 
tion of the system. Theoretical exam- 
ination of a Ce®+/CE**+ system shows 
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[E §, If HAS THE KNOW-HOW AND 


EXPERIENCE REQUIRED TO PRODUCE 
CUSTOM-BUILT DELAY LINES TO 
YOUR EXACTING SPECIFICATIONS. 


1st in sales! 1st to submit the most definitive laboratory 
reports with all custom-built delay line 
1st company devoted exclusively to the prototypes! 


manufacture of delay lines! 

7 \ ken -vision, knowledge, perception... 

1st in research, design and development of as, ESC has the ken to produce the finest 
custom-built delay lines! custom-built delay lines in use today. 


Exceptional employment opportunities for engineers experienced in pulse techniq 





CORPORATION 


{ 534 Bergen Boulevard, Palisades Park, New Jersey 
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MARS outstanding design SERIES 
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saucer secret? 


Whose inedible design is the flying saucer? 

These flyigg objects (unidentified, of course) 
maneuver at high speed, with human-crushing sud 
denness. TheirNinearthly behavior poses a perplexing 
problem to aihaginative designers: how might man 
survive in them? 

John C. Fischer, Jr. approached the problem with 
this circular aircraft and its unique control system, 
U.S. Pat. #2,772,057. 

This “‘saucer’s secret’ is a rotatably adjustable 
shell (upper) and a pilot’s compartment which pre- 
rotates toward the direction to be flown. The func 
tional design “humanizes”’ saucers because the rotating 
provisions distribute g-forces laterally on the pilot, 
minimizing blackouts. 

No one can be sure which of today’s new ideas 
will become reality tomorrow. But it will be important 
then, as it is now, to use the best of tools when pencil 
and paper translate an idea into a project. And then, 
as now, there will be no finer tool than Mars —from 
sketch to working drawing. 

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Pradition-Aquarell painting pencils, have recently 
been added these new products: the Mars Pocket 
Technico for field use; the efficient Mars lead sharp 
ener and “Draftsman’s” Pencil Sharpener with the 
adjustable point-length feature; and — last but not 
least —the Mars-Lumochrom, the new colored drafting 
pencil which offers revolutionary drafting advantages. 
Phe fact that it blucprints perfectly is just one of its 
many important features. 


The 2886 Mars-Lumograph drawing pencil, 19 
v degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom colored drafting pencil, 24 colors. 





JS.) S|TAEDTLER, INC. 


HACKENSACK, NEW JERSEY 
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at all good engineering and drawing material suppliers 
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that for pure cerium (free from iron 
and other impurities) emf values of 


Q 


3.5 —3.8 electron volts should obtain; 


thus in the ceric sulphate cell using 
metal” as an electrode, the 


potential of 2.2 volts can undoubtedly 


“misch 


be increased by the use of iron-free 
cerium metal. 

Rejuvenation of such a ceric-sulphate 
cell may readily be possible by re- 
versing charges at the electrodes, thus 
reoxidizing the cerous sulphate pro- 
duced to the ceric state, or by chemical 
reoxidation with ammonium _persul- 
phate. 

A possible extension of this develop- 
ment could utilize an ion-exchange 
resin system “loaded” with ceric ions 
as the source of current. Any “solid 
low in internal resistance and of simple 
state” battery made this way should be 
construction. 


FERROMAGNETICS 

The outstanding advantage in elec- 
ferro- 
magnetic compounds is their low elec- 


tronics science of nonmetallic 
trical conduction and, therefore, low 
eddy-current losses at high frequencies. 
However, subsidiary 


many qualities 


are required of such compounds— 


maximum saturation magnetism, low 
magnetostriction to give high perme- 
abilities and low hysteresis loss, good 
thermal and mechanical stabilities. In 
general, such materials may be found 
among those oxide systems adopting 
ions ) 
or perovskite (close-packed metal and 


Q ions) 


either spinel (close-packed 0?- 


Systems of 
the first type are colloquially classed 


crystal lattices. 
with the ferrites. This is a misnomer 
since by definition ferrites are formed 
only between ferric oxide and_ the 
Therefore 
indications of the production of rare- 


oxide of a bivalent metal. 
earth ferrites must be reconsidered. 
Replacement in the ferrite lattice 
by rare earths may occur but simply 
by virtue of their ionic charge. It 


would not be possible to produce 
such, 
while retaining the spinel structure. 


The 
can form solid solutions in the spinel 


simple rare-earth ferrites, as 


number of metallic ions which 
structure is great, the primary require- 
ment being that their ionic radii lie 
between 0.5 and 1 Angstrom units. 
This requirement again restricts rare- 
earth ferrite formation to the last four 
lanthanons (Er, Tm, Yb, Lu) and 
scandium. 


No attempts appear to have been 
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PRECISION-ENGINEERED CONTROL SWITCHES 
TO MEET YOUR DESIGN | B 











a © 
| a 
REQUIREMENTS x ~ 
&s “é 
L-52-P é 
D.P.D.T. ~ & 
on-off-on 
4 » 
Sn, Terminals designed for use 
Fg Se °. with either screws or female 
; Ay ARK-LESS or AMP type push- 
KE >» & on tabs. 
@) Featuring Circle F 
a <> ‘Fine’ SILVER CONTACTS 
G > designed to reduce arcing on slow- 
10 Amp. 250 V. AC make, slow-break AC and insure long, 
15 Amp. 125 V. AC(L) : dabl ech lif 
¥, H.P. 120-240 V. AC L-52-P illustrated depen able switc ite. 





|L-40-A 1887-LP 
\S.P.S.T. S.P.S.T. , : : : 
pele iis Now Circle F offers new economies to design engineers through the use of 
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| 





























standard medium-duty, one-hole switches, available for modification to meet 
particular specifications. 








New standards of quality-controlled manufacture permit these precision- 
engineered switches to be “custom-made” and delivered in production 








110 Amp. 250 V. AC |3A-125 V (T) Scans . eee el 
115 Amp. 125 V. AC(L)|6A-125 V quantities in less time and at the lowest possible cost. 
1% H.P. 120-240 V. AC |3A- 250 V —— 
|-42-E 2230 Write Department S for full information and engineering assistance 
|S.P.D.T $.P.S.T. 

-off- on-off 

FLUSH MOUNTING, SNAP-IN 

CONVENIENCE OUTLETS 
| : AND SWITCHES 
> 10 Amp. 7250 V. AC 
10 Amp, 250 V. AC 15 Amp. 125 V. AC & at 
15 Amp. 125 V. AC(L) |3, H.P. 120 V. AC gone 
1344 H.P. 120-240 V. AC |11% H.P. 240 V. AC - 


No. 438-L 


ACTUAL SIZE 


15 Ame - 
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125 Volt 

FAST, EASY SPRING CLIP INSTALLATION 
Listed by COMPACTLY DESIGNED — COMPETITIVELY PRICED 
Underwriter’s 


: Ideally-suited for bathroom fixtures, medicine cabinets, ranges, and other 
Laboratories, Inc. 


electrical appliances. 


and certified by Snap-in Convenience Outlets and Medium-duty Switches 


Canadian Standards are rated 15 amp, 125 V. Clip will accommodate wall thicknesses of .025” to .095”. 


Association 


CIRCLE F Mig. Co. 


731 MONMOUTH STREET, TRENTON 4, NEW JERSEY 
IN CANADA: VERD-A-RAY ELECTRIC PRODUCTS LTD. MONTREAL 
For your wire requirements: Eastern Insulated Wire Corp. 

(A Subsidiary) 

Box 591, Trenton, N. J. 
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you will find YARDNEY 
SILVERCEL® batteries 

... Tested and evaluated at every 
step—from research and design, 
through production, field test, and 
end use—SILVERCEL® batteries 
have met the rigid requirements 
of Spec. MIL-E-5272A. 


500,000 Yardney silver-zinc 
cells bought and used by 
the U.S. Armed Forces! 


Compact, up to 5 times more 
powerful than other batteries, the 
YARDNEY SILVERCEL® is also 


used in aircraft, vibrators, dynamotors, 


portable TV and motion picture 
cameras, R/C model planes and boats, 
and many other applications. 


To solve your power problem 
... or for assistance in checking your 
battery requirements... contact 

our Applications Engineering 
Department for free consultation 
service. 





FREE TECHNICAL 
BROCHURE 


Containing data on our 
complete line of Yardney 
SILVERCEL® and Yardney 
SILCAD* hatteries. Write 
today! *Trade Mark 











Patents pending and granted 
throughout the world. 


YARDNEY 
ELECTRIC 


“Pioneers in 
Compact Power" 


d 40 Leonard Street, New York 13, N. Y. 
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In almost every missile today 


CORPORATION 





made to prepare authentic “ferrites” 
of bivalent lanthanons (Sm?+, Eu?t, 
and Yb?+) although europous titanate 
has been reported and may be of value 
as a ferromagnetic. If “ferrite-type’ 
compounds could be prepared of the 
form, e.g. SmO—Sm,O,, interesting 
characteristics might be exhibited since 
very high ueff values can be calculated 
for these compounds. Up to now at- 
tempts at this preparation have been 
unsuccessful. 

The perovskite structure also has 
limiting requirements of ionic size, but 
a modicum of distortion is permitted in 
the tolerance (t) which is of the order 


| 0.8 — 1.0 in the equation 


ratte = t\/2 (rg+ro)-. 
Providing that the ionic sizes are ap- 
proximately right, the only other re- 
quirement is that the structure be 
electrically neutral; that is, that the 
sum of the valences of A and B is 6. 
Ferromagnetic properties of oxidic 


| compounds of this type, containing the 


rare earths, are being increasingly ex- 
amined, and Neel p-type magnetiza- 
tion curves have been obtained. Curie 
temperatures for the systems gener- 
ally lie between 250 and 470K, but 
actual values depend, of course, upon 


| the degree of crystallinity. 


Predominant among the “simpler” 
systems is lanthanum maganite which 
on crystallization, is strongly ferro- 
magnetic at room temperature and is 
believed to display an almost square 
hysteresis loop. So far this is the only 
“simple” rare-earth compound exhibit- 


| ing such ferromagnetism although fur- 


ther developments are conceivable. 
Indications have recently appeared 
that which _ had 


some consideration 


been given to the structure of perov- 


skite-like compounds may in fact be 
invalidated by the neglect to consider 
the possible formation of structures 
similar to that of pyrochlore. Until 


_ recently no references were extant de- 


| ostensibly only of binary composition. 
pyrochlore phases may well exist by 





scribing a pyrochlore structure which 
did not contain a pentavalent ion as 
an essential element of the compound 
However, ternary compounds of | this 
type have now been described. Con- 
ceivably, in some cases, even when 


virture of the occurrence of impure 
phases and may well be appreciably 
ferromagnetic. 
In his next and future columns Dr. 
Vickery will report on potential an 
soon to come rare earth application 
in electromechanical components: semi 
conducting piezoelectric crystals, sola 
reduction devices and thermionics. 
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ugh ful Occupying less than 14% square inches of panel space, this Miniature Ceramic Switch nevertheless contains 


vable. 

oncaiil as many as 18 positions on a single wafer. And it's rugged! Solid silver alloy contacts, 

ich had rotors, and slip rings provide low and uniform contact resistance. Ceramic parts are silicone 

. —_ impregnated to function under extreme humidity. Sturdy solder terminals are supplied for wiring. 
ac ye 


This miniature switch meets and exceeds the electrical and environmental requirements of Mil-Spec S-3786. 
weal Flashover voltage at 60 cycles is 1000 volts peak . . . current carrying capacity is 2 amperes. 

ce. Until) For guided missiles, airborne radar equipment, portable and mobile ground equipment... for any application 
moat de- that requires an extremely small and rugged switch, specify Daven’s Series M Miniature Ceramic Switches 
re_ which These units can be ‘‘ganged’’ with up to 8 decks | 
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ympound with slight mechanical modifications. 2 or 3 ga - : 
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Livingston, New Jersey 


TODAY. MORE THAN EVER, THE DAVEN (©) STANDS FOR DEPENDABILITY! 
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PIX Manufacturing 
Co., Inc. 


85 Hudson Street 
Newark 3, New Jersey 


FOR MORE INFORMATION CIRCLE 36 ON INQUIRY CARD 







DEPENDABLE, PRECISION 
COINING, STAMPING AND 
WIRE FORMING SPECIALISTS 


- ERS 






To meet your production and engineering needs, PIX can furnish precision 
wire formings and stampings from .002” dia. to .187” dia. 

Radio tube parts, drawings, piercing, wire straightening, cutting and 
forming, relay components, transistor bases, terminal lugs, multi-slide 
stampings, beryllium copper contacts, printed circuit connectors—these 
precision parts can be produced quickly, economically, by PIX’s high- 
production equipment and modern facilities. 


WRITE FOR FURTHER DETAILS. SEND SKETCH OR PRINT FOR QUOTATION. 
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TO MEET PRACTICALLY EVERY APPLICATION... 





ENGELHARD THERMOCOUPLES and THERMOELEMENTS 





Although the nature and assembly of the components employed in 
a thermocouple system influence the reliability of the temperature meas- 
urement, the accuracy of the system is ultimately determined by the 
thermoelement used in the thermocouple. The noble and base metal 
thermoelements used in Engelhard Thermocouples undergo rigid testing 
in a metallurgical laboratory equipped with specially designed test fur- 
naces and precision measuring equipment. Calibration must meet 
Engelhard’s high quality standard—a standard that has forged a world- 
recognized reputation for reliability—a standard that assures accurate 
temperature measurement. 


To meet practically every application requirement, Engelhard 
Thermoelements are available in base metals for measurement up to 
2200°F, and in noble metals for higher temperature measurements. The 
initial cost of a noble metal thermoelement is well justified by the relia- 
bility, length of life and easy maintenance factors it provides, as well as 
its value as scrap when being replaced. In addition to the noble metal 
thermoelements contained in the chart to the right, thermoelements of 
Iridium vs. Iridium Rhodium can be supplied to read temperature as 
high as 3600°F. 


A complete line of precision resistance thermometers is available, 
having accuracy as high as 0.10 degree. 





Write for complete catalog 
material and details. 







CHARLES 
ENGELHARD 


INCORPORATED 








TEMPERATURE 
MEASUREMENT 





850 PASSAIC AVENUE, EAST NEWARK, NEW JERSEY 





TO AID YOUR THERMOCOUPLE SELECTION 
































THERMOCOUPLE BASED ON TEMPERATURE 
TYPE WIRE GAUGE # LIMITS 
Copper vs. Constantan 20 -300°F. to 600°F 
lron vs. Constantan 8 O°F. to 1600°F 
Iron vs. Constantan 14 we O°F. to 1200°F 
Chrome! vs. Alumel 8 600°F. to 2100°F 
Chromel vs. Alumel 14 600°F. to 1800°F. 
Platinum vs 5 ° 
10% Rhodium 24 Up to 2900°F. 
Platinum vs. me ‘ ° 
13% Rhodium 24 Up to 2900°F. 
Platinum 5% Rhodium 
VS. 24 Up to 3200°F. 
Platinum 20% Rhodium 
Platinum 6% Rhodium 
VS. 24 Up to 3272°F. 


Platinum 30% Rhodium 

















(ENGELHARD INDUSTRIES) 
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SYSTEMS DESIGN 








AIR DATA COMPUTER 


Pressure Gets Results 


Air data information in flight must be 
obtained the measurement of 
quantities that pertain to the state of 
the air at or near the surface of the air- 
craft. Aircraft designers 
have long been looking for more ac- 
curate 


from 


instrument 


and more reliable instruments 
for measuring the available aerodynam- 
ic quantities and solving the gasdynam- 
ic equations to obtain air data in flight. 
M-Ten Bosch engineers believe they 
now have fulfilled these objectives in 
a modular unit consisting of three prin- 
ciple parts, a Mach 
module, altimeter module and a tem- 
perature probe. 


interconnected 


The M-Ten Bosch air data computer 
is a lightweight, rugged, pressure ac- 
tuated system that responds to inputs 
of static pressure, pitot pressure and 
stagnation temperature. These values 
electromechanical 
furnish 


are combined in 


computers to almost any air 
data desired. The pressure measuring 
elements deliver a high order of sen- 
sitivity as they are arranged in a com- 
pensating force balance system. The 
utilization of a servo system for bal- 
ancing measurement forces from press- 
ure bellows makes it possible to pro- 
vide precision accuracy with the rug- 
gedness required in an aircraft. The 
balancing effect maintains the bellows 
at constant length, thus eliminating er- 
rors due to hysteresis and variations in 
spring constant. The servos also pro- 
vide a high power level for genera- 
tion of the many functions required 
for air data computations. 

The Mach 
Mach number from the ratio of pitot 
(Pv/P), 
computes air speed and provides func- 


(M) 


meter module derives 


pressure to static pressure 


tions of Mach number for other 
computations. 

The alti- 
tude from the absolute value of static 


altimeter module derives 
pressure and computes vertical velocity. 
The temperature probe measures stag- 
nation* temperature for use in the com- 
puters. 


MACH METER MODULE 


M-Ten Bosch Mach 


number, the ratio of air speed to the 


designers used 
velocity of sound, in the computer be- 
cause it is convenient to use a dimen- 
sionless quantity for computing other 
air data 
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————>—_ PITOT PRESSURE 





————_ STATIC PRESSURE 







EVACUATED 
BELLOWS 


FLEXIBLE 
METAL BANDS 








QQQY 





POT ASSEMBLY 










GANGED FUNCTION 


\ 


AN 


“E” TRANSFORMER > 
PICKOFF 


MACH NUMBER 
AS A FUNCTION OF 
SHAFT ROTATION 








FIGURE 1. Schematic diagram of Mach 

eter. Two metallic bellows are used 
as sensing elements and are enclosed 
in a sealed housing. The static bellows 
is evacuated to essentially zero abso- 
lute pressure and sealed. A _ tube 
which is connected to the aircraft’s 
pitot line passes through the housing 
to the pitot bellows while the static 
pressure is introduced into the hous- 
ing. Three flexible bands — from the 
pitot bellows, from the static bellows 
and from a large gear—are connected 
to a common floating junction. The 
forces exerted by the two bellows upon 
the junction are brought into equili- 


brium by the correct position of the 
band from the gear by rotation of the 
large gear through the angle §. When 
the system is in equilibrium, the junc- 
tion is coincident with the axis of the 
large gear. Hence, any change in the 
forces exerted by the bands from the 
bellows, because of the static or pitot 


pressure changes, will displace the 
junction of the bands. A _ sensitive 


pick-off between the junction and the 
gear will detect the displacement and 
cause the servo motor to rotate the 
large gear and its band to the angle 
f that will again produce the force 
equilibrium. 





From the gasydynamic equations we 
find for speeds less than the velocity of 
sound 


P K—1] K 
(] M*) 





Pv 
for M < ] 

For velocities greater than the vel- 
ocity of sound 











Pv 
> aM? [hb]: for M > 1 
K ] 
where a 
2 
, (K + 1)*M? 
> = “SKM? — 2K + 2 
] 
c= 
K — ] 











0 W 60 90° 


FicurE 2. Curve showing Mach num- 
ber as a function of gear angle. 
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,ote: K = Cp/Cv = the gas constant 
itio of specific heat at constant press- 
re to the specific heat at constant vol- 
me 
‘igure 1 shows how the Mach meter 
ses a mechanical relationship of forces 
esulting from pitot and static pressure 
nputs to compute Mach number. 
The forces exerted on the junction 
hy the bands can be expressed as 


F, = Ai (Pv — P) 
Fx A,P 


vhere A, and A, are the effective bel- 
lows areas and P and Pv are the static 
ind pitot pressure respectively. If the 
areas of the bellows are equal, the 
relation of the forces and the angle ® 


can be expressed as 


Pv—P Pv 
tan 6 = = - 


P oO 


Mach 


gear rotation (Fig. 2 


lhus number is a function of 
) 

The servo motor has enough power 
to drive a number of function pots to 
obtain Mach number and various func- 
tions of Mach number for use in com- 
puting. Typical outputs are: 

Mach number as a function of shaft 

rotation 

A_ function for 

tion temperature to free air temper- 


converting stagna- 
ature 

A function for determining true air- 
speed from stagnation temperature 
A function for correcting indicated 





FIGURE 4. Schematic diagram of press- 
ire sensing system in altimeter mod- 
ile. Two metallic bellows, evacuated 
to essentially zero absolute pressure, 


are mounted to a fixed frame. From 
the free ends of the bellows, straps 
are brought over the drum mounted 


ipon the beam. The beam is pivoted 
at its center and attached at its ex- 
tremities to end springs. The other 
ends of the springs are attached to 
nuts which are displaced along lead 
screws through the action of a servo 
motor controlled by a displacement 
transducer. The bellows and springs, 
together with the beam, are in the 
form of a force balance system sensi- 
tive to the static pressure introduced 
into the sealed housing. A change in 
the static pressure produces an un- 
balance in the system which permits 
rotation of the beam about its center. 
Such a rotation is detected by the 
transducer which causes the servo 
iotor to reposition the nuts and the 
Cirection and magnitude of the spring 
lorces to rebalance the system. The 
engle between the axis of the lead 
screws and the long dimension of the 
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FIGURE 3. Schematic diagram of true airspeed computer. 
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CORRECTION MOTOR 
(TEMP. -+- PRESSURE) 
beam have been selected to compen- To compensate for the lag in the 


sate for the spring constants of the 
bellows and the springs so that the 
change of force required to rotate the 
beam is almost zero (astatic condi- 
tion). The servo motor positions the 
cam which computes altitude for mean 
standard atmospheric conditions. 


altitude servo system, the compensat- 
ing coil receives an anticipatory sig- 
nal which limits the displacement of 
the beam during the rise time of the 
servo response. This action results in 
a very stable system even under large 
values of vertical velocity. 
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FIGURE 5. Schematic diagram of altim- 
eter module and vertical velocity com- 
puter. Accurately computing first the 
pressure altitude as a function of only 
one variable and then applying small 
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H OUTPUT 


corrections as functions of many vari- 
ables permits a small, compact, ac- 
curate unit with only one servo motor 
for all computations. 





angle of attack to true angle of at- 
tack 

A function for correcting indicated 
angle of side slip to true angle of 
side slip 

A function for correcting the static 
pressure input 

A function for computing the var- 
ious air resistance corrections to the 
trajectories of bombs, projectiles and 
and rockets 

A function for computing the steady 
state value of the angle of attack for 
vertical velocity and stagnation tem- 
perature 


AIR SPEED COMPUTER 
The air speed computer, an electrical 
bridge circuit, combines a function of 
Mach number from the Mach Meter 
with a function of stagnation tempera- 
ture from the air temperature probe to 
produce true airspeed as a servo shaft 
rotation in the indicator unit (Fig. 3). 
The designers state: the Mach meter 
will operate over the range from —500 
to +80,000 feet and its outputs cover 
the Mach number range of 0 to 2; the 
accuracy within the range of 0.5 to 1.5 
is better than 0.1%; the sensitivity of 
measuring static and pitot pressures is 
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better than 0.1 inches of mercury; the 
Mach and altitude 
can be increased by adjustment of 


range of number 


bellows size. 


THE ALTIMETER MODULE 


The altimeter computes altitude for 
mean standard atmospheric conditions 
from measurements of static pressure 
and applies a correction based on free 
air temperature. Free air temperature 
is computed from a measurement of 
stagnation temperature and a function 
of Mach obtained from the 
Mach meter. A cam converts a static 


number 


pressure displacement into a linear alti- 
tude displacement. The curve of the 
cam is calculated to compute for stand- 
ard conditions in accordance with the 
altitude-pressure-temperature _ relations 
given in the ICAO Manual of Standard 
Atmosphere. 

With mean sea level pressure, mean 
sea level temperature and lapse rate as 
constants the cam output displacement 
varies with altitude. 

The arrangement of the pressure 
sensing system, or aneroid element, is 
shown schematically in Fig. 4. 

A correction coil in the sensing system 
is fed with signals to correct the out- 


put for the following departures from 
mean standard atmosphere: 
The departure of sea level static 
pressure from the mean value de- 
signed in the cam. 
The departure of sea level free air 
temperature from the mean value 
designed in the cam. 
The departure of lapse rate of the 
actual atmosphere from the mean 
standard lapse rate. 
The mean sea level pressure and tem- 
perature corrections are produced in 


the correction unit. (Fig. 5).In_ this 
way the servo output reflects not onl) 
the static pressure altitude but also 


corrections for sea level pressures and 
for temperature variations. 

VERTICAL VELOCITY COMPUTER 
Vertical velocity is a function of the 
rate of change of the static pressure 
and the altitude. With the use of free 
air temperature we can compute true 
vertical velocity. 

An electrical computer combines the 
variables and produces vertical vel- 
ocity as a shaft rotation. The manufac- 
turer states: the altimeter module will 
operate in the range of —500 to +80,- 
000 feet above sea level altitude with 
a sensitivity of better than 0.01 inch of 
mercury, and the vertical velocity com- 
puter will operate in the range of 750 
ft/sec climb and 1250 ft/sec dive with 
an accuracy of 0.75. 


WORTH FILING 

Microwave Test Equipment 
Six-page technical paper Antenna Pat- 
tern Instrumentation describes a com- 
plete microwave test equipment system 
for antenna pattern measurements in 
the frequency band from 1000 Mc/s to 
10,500 Mc/s. Various components of 
the system are discussed in detail in- 
cluding transmitter, fre- 
quency meter, and recording receiver. 


heterodyne 


Paper also discusses calibration of at- 
tenuators, impedance measurement and 
held strength measurement. 
Issued by: Polytechnic Research & 


Development Co., Inc., Brooklyn, New York 
For your copy: Circle 140 on Inquiry Card 


WORTH FILING 
Subminiature Connectors 


Twelve-page brochure on Continenta! 
Connector’s subminiature series con- 
nectors contains specifications, outline 
drawings, illustrations and general in- 
formation of use to the designer. 

Issued by: Electronic Sales Division, DeJur-Amsco 


Corporation, Long Island City, New York 
For your copy: Circle 143 on Inquiry Card 
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TEXTILE ENGINEERING 


EFFI: The Eyes Over Your Wool | 


EFFI sounds more like somebody’s 


sister than what it is—an_ electronic 


fiber fineness indicator—but it does 
have the feminine attribute of being 
‘asy on the eyes. Wherever it is in- 
roduced in the wool industry it will 
emove stamina of 
human eyes in the grading of wool. 


digital 


dependence on 


Combining analog and tech- 


1iques with an automatic optical 
canning system, EFFI measures the 
iverage diameter of 1000 wool fibers 
from a prepared sample and_ indi- 
cates the statistical distribution of the 
diameters in about five minutes. 


BACKGROUND 

Wool grading has been done largely 
by human eves and brains measuring 
a projec- 
microscope. single 
sample by this method takes at least 


ind counting fibers under 


tion Grading a 


two man hours. A more rapid, less 


expensive, and more accurate method 

has long been needed to improve 

quality control in the industry. 
Recognizing the this 


need, the Top Company and National 


urgency of 


Research Corporation jointly organized 
the Fiber 
1954 to develop a modern method of 
grading wool. Under direction of this 


Research Corporation — in 


organization, applied physicists at 
NRC developed EFFI. 
Wool | is 


terms of fiber diameters. To be able 


graded commercially in 
to determine the quality of a material 
dimensions 
but grading 
not as easy as it may seem. 
\s Dr. John Simons of National Re- 
search Corporation points out, “You 


by measuring one of its 


is certainly fortunate, 


wool is 


can't grade a lot of wool by measuring 
fiber. The 


fiber 


varies from 
throughout the _ lot. 
Neither can you measure every fiber 
in a 20,000 Ib. lot. So you measure 


a small sample, but there’s bound to 


one diameter 


tiber to 


be a signficant random error in each 
You have to 
many fibers in the sample and think of 


measurement. measure 
statistical quantities covering the ‘uni- 
verse’ of fibers in the lot.” 

Wool is classified by the United 
States Department of Agriculture 
Standards and bought and sold on the 
commercial market according to the 
average diameter of its fibers and 
tie statistical distribution of the fiber 
ciameters. These criteria are also the 
basis for achieving optimum usage in 
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precision 


Acetrim*® sub-miniature 


TRIMMERS 





fot PRINTED CIRCUITS 


Here is another new development 
from Ace... sub-miniature precision 
wire-wound trimmers especially for 
printed circuits. Designed and pro- 
duced to meet your tightest specifica- 
tions, the new Acetrim has flat or 
round tabs to facilitate production 
assembly. Just plug into printed cir- 
cuit board, secure, and dip solder. 


Ace delivers reliability 


YW, v size 
10 ohms to 150 K 


weight % ounce 
power 2 w. @ 60° C. max. 


temperature to 125° C. 
sealed, moistureproofed, 
anti-fungus treated 
withstands severe shock, 
vibration, acceleration 
meets applicable Military 
specs 





Modern mass production techniques assure delivery to meet your sched- 


ules .. 
reliability. 

Acetrim — write for Technical Data Unit 
#563. 

Acepot — 1” sub-miniature precision 
wire-wound linear potentiometers from 


10 ohms to 250K. +.3% standard. Write 
for Technical Data Unit #564. 


Nonlinear Acepot — precision wire- 
wound nonlinear potentiometers for 


*trademarks applied for 


ACEPOT* 


Wren it ACE ELECTRONICS ASSOCIATES, INC. 


. rigid quality controls assure highest standards of performance- 


sine-cosine and square-law functions and 
other applications. High resolution, close 
conformity. Write for Technical Data 
Unit #572. 

X-500 Acepot — 1.” sub-miniature pre- 
cision potentiometers for extreme tem- 
peratures of —55° C. to 150° C. 10 ohms 
to 250K. Write for Technical Data Unit 
#571. 





Dept. MD 101 Dover St. » Somerville 44, Massachusetts 


Telephone: SOmerset 6-5130 ° 


Engineering Representatives in Principal Cities 


FOR MORE INFORMATION CIRCLE 38 ON INQUIRY CARD 
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Reducing the 
Weight of 


Assemblies? 


This teleprinter cover, deep- 
drawn from .065” thick magne- 
sium, weighs only 3 Ibs. 13 oz. If 
it were made of steel, it would 
weigh almost 18 Ibs.; or of alumi- 
num, about 534 lbs. 





In a wide range of products such 
as housings and covers, direct 
substitution is 


vauge-for-gauge 
often possible. 
Magnesium gives you lightness 
plus excellent drawability. 

B&P engineers will help you re- 
design in magnesium. B&P offers 
tlfe magnesium industry's most 
complete facilities for fabrication 
and assembly. Your inquiry will 
bring a descriptive booklet. 


ah & PERKINS, INC. 
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1970 West Fort Street 
Detroit 16, Michigan 
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FIG. 1—EFFI Block Diagram 


manufacturing operations. 


EFFI’s_ designers accepted the 
United States Department of Agri- 
culture’s Standards which define the 


industry’s method of measuring the 
fibers optically under a_ projection 
microscope, but not without convincing 
themselves the approach was good. 
“Looking back over the history of 
grading wool,” said Dr. Simons, “we 
that it had 
long development in which many dif- 
ficult had tried. 


Present standards and techniques of 


found gone through a 


approaches been 
the industry are good except that the 
method of 


human 


measurement depends on 
After 


looking at hundreds of fibers through 


vision and judgment. 
microscope the eye begins to lose 
human estimation 
We 
that if we could eliminate the opera- 
the 


would have an excellent 


its precision and 


errors influence results. decided 


tor from industry's measuring 


method, we 


design. 


DESIGN OBJECTIVES 
This 


lished 


decision well estab- 
the 
sub-systems would be required: 


@ An optical system to form images 


pretty 


design objectives. Three 


of a thousand fibers from a sample 
in a few minutes and convert width 
dimension to electrical analogs. 
@ An analog computer to reconvert 
to the 
dimension of width accumulating 


these electrical analogs 


their average. 
e A digital computer to count the 
number of measurements made, 














statistical 


indicate their 


tion according to the groups desig- 


nated as standard by the United 
States Department of Agriculture 
and stop the th 
count of 1000. 


instrument | at 


Since the industry’s current method 


of statistical analysis was to be used 
no significant change in the sampling 
technique was required. A group of 
several thousand fibers would be cul 
a length of 


about 200 microns, made parallel an 


from wool top sliver to 


transferred to a microscope slide. Th 
then th 
optical system of EFFI for grading. 
The design objectives have beer 
fulfilled by NRC after three years o! 
Here _ is 


slide would be inserted in 


intensive development. 
description of the design and how it 


W orks. 


THE OPTICAL SYSTEM 
EFFI 
fibers in a few minutes by rapidl 


forms images of a thousan 


moving the slide through a light bean 
so that the beam cuts across the d 
the This 


motion is accomplished by means 0! 


ameters of fibers. relativ 


a projection microscope with a moving 


stage (Fig. 1). 
When the slide is properly oriente: 
on the stage and the instrument is 


turned on, a light beam from an in} 


candescent lamp is focused on th 
slide, and the stage, driven by a syn 
chronous 


motor through a_ precisio 
speed reduction system, passes the 
slide longitudinally back and __ fort! 


through the beam at a uniform speed 
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FIG. 2—Typical micro-photo of a prepared 


TYPICAL PULSE FROM 
PHOTOMULTIPLIER 


= 





CLIPPING LEVEL 











PULSE SENT 
TO COMPUTERS 


FIG. 3—Pulse Shapes 


slide showing parallel fiber arrangement 


and scanning pattern. 


\fter each pass the stage indexes the 
slide a the 
to bring new 


trans- 
fibers 
into the beam on the return trip. This 
scanning motion and the relative orien- 
tation of the fibers is shown in Fig. 2. 
fiber the 
light beam, its image. magnified by 
the microscope, is projected onto a 
photomultiplier tube through a. slit. 
his the 


fiber image, and defines or selects the 


short distance in 


verse direction 


As each passes through 


slit is narrow, relative to 
portion of the image being examined 
at any instant. 

As soon as the phototube senses 
the leading edge of the fiber it pro- 
duces an electrical output which con- 
the 
The dura- 
tion of this signal is an analog of the 
of that fiber. 


tinues until the trailing edge of 
fiber has passed (Fig. 3). 


diameter 


THE COMPUTERS 


The output signals from the photo- 
cell are amplified, sent to analog and 
digital computers and converted into 
fiber diameter measurements. 

In the analog computer the signals 
pass through a pulse shaper to obtain 
square waves of uniform amplitude, 
ind then to an integrator where they 
ire accumulated to obtain an output 
proportional to the summation of their 


uration. The system is calibrated so 


that when the instrument stops at 
he thousandth count, the indication 
rom the integrator will be a direct 


neasure of the average diameter of 
he fibers in microns. 

The function of the pulse shaper is 
llustrated in Fig. 3. Clipping level is 
set as close to the baseline as possible, 


‘onsistent with avoiding noise. 
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The 


indicates 


digital computer counts and 
the group 


the fiber measurements by means of 


distributions of 


a set of four circuits. 

In each circuit the pulse durations 
of the phototube signals are converted 
to proportional pulse amplitudes and 
then filtered by peak amplitude selec- 
tors to allow only those pulses above 
a set amplitude to be counted and in- 
dicated by gas decade counters. The 
circuits are calibrated and set so that 
they count the number of fibers with 
diameters falling in the di- 
ameter groups designated in the United 
States 
Standards, one circuit being assigned 
to each group. , 


each of 


Department of Agriculture 


SYNCHRONOUS 
MOTOR 


DESIGN PROBLEMS 


the 
fiber 


Since system is designed to 


measure diameters in terms of 
the time a light beam traverses their 
diameters, the intensity of the light 
source and the speed of the fibers 
through the beam are required to be 
exceedingly uniform. Achieving neces- 
sary uniformity was a major problem. 
of the 
light source vary considerably through- 
out the life of the bulb, but it varied 
the 


Not only did the intensity 


measurably at the frequency of 
a-C power source. 

Discussing this problem Mr. Jona- 
than Roehrig said, “We were amazed 
to find that the 60 cycle power modu- 
lated the light intensity sufficiently to 
affect the accuracy of the system. By 
intuition, we had expected the thermal 
lag of the filament would make these 
But 
considered the pulse rate and the pre- 
the 
had 
and that the lamp had to be ener- 
We 
pensated for aging of the bulb by 


variations negligible. when we 


cision demanded of system we 


realized our intuition misled us 


gized trom a d-c source. com- 


using a monitoring photocell and feed- 


back circuits to the intensity 


keep 
constant.” 
Driving the microscope stage at a 


constant speed was no less a_prob- 


lem. “The best precision gears we: 
could get,” said Mr. Roehrig, “were 
not good enough. We found to our 





CROSS SECTION OF WHEEL 


—~——\_ NEOPRENE 
y * MOLDED 
IN PLACE 


FIG. 4—Constant speed drive of microscope stage, showing friction discs. 
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» 
OPERATOR PREPARES to 


inser| 
sample into the optical system of 
EFFI. The instrument will measure 
the diameters of 1000 fibers in five 
minutes, indicating average diameter 
on the large meter in the center panel. 
Distribution by U.S. Department of 
Agriculture groups is recorded on 


counter tubes on right hand panel 
(nearest camera). 
surprise the gear teeth caused un- 


acceptable variations in the drive 
speed. In all our previous experience 
precision gears had been the recom- 
mended means of obtaining constant 
speed drives. 

“Eventually we were forced to try 
friction wheels with neoprene rubber 
(Fig. 4). At 


first, the performance was worse be- 


as the friction material 


non-uniformities in the rub- 
ber. We got around this trouble by 
grinding the wheels in place, mounted 
in the regular 
smooth 


cause of 


bearings, to obtain 
The grinding 
didn’t affect the wheel ratios because 
the bearings are that the 
distances between them, which deter- 
mine the ratios, are fixed.” 


very surfaces. 


fixed so 


TEST PROBLEMS 

Like many other precision instru- 
ments EFFI was designed to be more 
accurate than equipment available for 
testing it. As a result the performance 
of some of the components was 
difficult to measure. 

Illustrating this problem Mr. Roeh- 
rig said, “We had to be sure that the 
synchronous and stage drive 
mechanism were ‘truly synchronous’: 
that “is, that we had no appreciable 
short term variations from the desired 
uniform speed. We tried many ways 


motor 


of measuring this, including putting 
reference lines on a slide as a means 
of calibration, but we couldn't make 
the margins of the lines sufficiently 
sharp. 

“We satis- 


still haven’t found a 
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factory direct method to determine if 


the stage moves at a constant speed. 
Instead we find out indirectly by de- 
termining the repeatability of the 
overall system in measuring the same 
wool fibers. 

“This test is done by adjusting the 
that the 
light beam traverses the same path 


back forth slide. If 
the fiber diameter distributions at the 


stage drive mechanism so 


and along the 
end of each pass are the same, then 
everything in the system is perform- 
ing repeatably including the stage.” 
A major difficulty the designers of 
EFFI recognized and faced from the 
very beginning was that there would 
standard available for 


be no exact 


calibrating the instrument or evaluat- 
ing its performance. They would be 
forced to use as a performance refer- 
ence the data obtained from grading 
a number of wool samples by the very 
method EFFI was to replace. 

At first this appears an impossible 
problem, since the probable error in 
a single measurement by the conven- 
tional method is greater than that of 
EFFI. To get sufficiently precise data, 
therefore, requires exhaustive testing— 
measurements repeated over and over 
again—using the conventional method. 
Interlaboratory tests conducted by the 
ASTM help in providing such data. 


CURRENT PULSE GENERATOR 


Programmed Pulses Test 
Magnetic Elements 


A “packaged” programmed current 
pulse generator provides precisely con- 
trolled, fully 


pulses for the research, developed and 


programmed — current 
production testing of digital systems 
and components. 

Designed by Rese Engineering, Inc., 
Philadelphia, Pa., the unit generates 
stable, high-level current pulses from 
a high source impedance, making it 
especially effective for use in analyzing 
elements or for 
driving magnetic core logic systems. 


inductive magnetic 
Incorporated in the instrument are 
an extremely flexible program genera- 
tor; highly — stabilized, heavy-duty 
power supplies; two negative and two 
positive output current drivers. Op- 
erating at 525 volts DC, two current 
drivers deliver negative pluse currents 
to 3 amperes from source impedance 
as high as 20,000 ohms, while two de- 
liver positive pulse currents to 4.5 
amperes from a voltage-type source. 


The design permits full control ove 


the final current wave shape; primar 


or secondary pulse width is con 


tinuously adjustable from 0.5 micro 


seconds to 50 microseconds. Linea 
and exponential rise time is con 
tinuously variable from 0.08 micro 


seconds to 3 microseconds, while ex- 


ponential fall time is continuous] 
variable from 0.15 microseconds to 2 
Output 


highly stabilized, remaining constant 


microseconds. amplitude _ is 
over duty-factor extremes, and at aver- 
age output current levels approaching 
half an ampere, postive or negative. 


Circle 131 on Reader Inquiry Card 


Completely integrated system incor- 
porates program generator, heavy-duty 
power supplies, and two negative and 
two positive output current drivers. 





WORTH FILING 
O-Ring Seals 


160-page O-ring handbook covers de- 
sign and application of synthetic rubber 
O-ring seals; treats such subjects as 
applications, compounds, selections, en- 
gineering data, gland design, installa- 
tion, static and dynamic seals, military 
and industrial requirements, sizes and 
other useful data. 


Issued by: Rubber Products Division, 
Parker Appliance Company, 
Cleveland, Ohio 


For your copy: Circle 147 on Inquiry Card 
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The trouble of tedious mixing and measuring of hardener and resin, the danger of 
toxicity, the waste of material due to the instability of the compound all of these 


factors combined, make epoxy encapsulation an extremely inefficient operation 


The NOW... 
H A dry, stable, non-toxic pellet of preformed, premixed Epoxy compounds, tailored to 
prescribe : ) , 


your exact requirements, can make encapsulation one of the simplest operations in 


technique your manufacturing process 


Developed by Epoxy Products’ experienced staff of plasticists, these pellets, tl 























for designed primarily for use in conjunction with Epoxy “E-CASE” Shells, are being 
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The “E-FORM” pellet and electronic component are inserted into the "E-CASE’ 

in that order. The assembly is then subjected to heat, with a gentle pressure 
exerted on the component. The heat causes the pellet to liquefy and flow 
around the component. Further heating gels and then cures the epoxy. The 
result is a completely epoxy-encased unit, resistant to humidity, temperature 
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FURNACES FOR 
SEMICONDUCTORS 


Heat for the Cauldron 

In a field growing as rapidly as that of 
the flexibility of 
search and production equipment is an 
economic necessity. This flexibility, or 


semi-conductor re- 


adaptability to modifications, is espe- 
cially desirable in continuous alloying 
furnaces for the production of transis- 
tors not only because of advances in 
the field, but also because of wide dis- 
agreement among manufacturers as to 
the metallurgical processes involved. 
Commenting to us about this di- 
vergence of opinion, Dr. Richard Seed, 
Engineering Specialist in the Semi- 
Conductor Division of Sylvania Prod- 
ucts, Incorporated, said: “The metallur- 
gical processes involved in the fabrica- 
tion of transistors in a continuous al- 
loying furnace are moderately complex 
and not completely understood. With 


respect to alloying cycles, . , there 
is considerable debate and no small 
element of witchcraft now extant in 


the industry.” 


TEMPERATURE CONTROL 


Analyzing conventional furnaces en- 
gineers at BTU Engineering Co., Som- 
erville, Mass., concluded that the 
standard techniques of winding the 
heating coils around the muffle (the 
unit in which the work is processed ) 
and sticking the temperature probe 
through the muffle wall into the heat- 
ing chamber cannot achieve the flexi- 
bility and rapid control needed. With 
this arrangement the temperature probe 
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BTU Transheat ftrnace with control 
panel moved to show safety controls 
and thermo-couple terminals. 


is subjected to excessive heat at the 
point where it goes through the muf- 
fle wall. 

“The secret of furnace design,” ac- 
cording to Mr. J. Howard Beck, presi- 
dent of BTU, “is in the relative loca- 
tion of the heating elements, the tem- 
probe muffle. They 
should be arranged so that the signal 
pick-up comes from the muffle rather 


perature and 


than the heaters and at the same time 
so that no time is lost in sensing the 
temperature of the heaters.” 
Emphasizing flexibility and fast re- 
time as design 


sponse requirements, 


PRESSURE GAGES 
SOLENOID fh 


VALVE 1 REGULATOR 


FILTER AND 
DEHUMIDIFIER ~s 


EMPER 
. 











TIME (MINUTES 


Plot lines of time-temperature cycles 
display furnace’s flexibility in deliver- 
fast or slow temperature rises, 
controlled soak periods and then fast 
or slow quench rates. 


ing 


BTU engineers have developed an en- 
tirely new furnace—new muffle, new 
heaters and new temperature probe— 
which, they claim, is very flexible and 
has sufficient temperature input to fur- 
nish fast rates of temperature rise and 
high peak temperature. 

To insure flexibility of the tempera- 
ture cycle, extra heating zones which 
can be controlled independently, were 
added. The above plot, showing vari- 
time curves obtain- 


ous temperature 


able, reveals this flexibility. 


ATMOSPHERE CONTROL 


Improved atmosphere control was also 
a design requirement for the new fur- 
naces. The designers chose a straight 
line furnace configuration as the most 
practical for continuous production of 
transistors. Conventional designs of this 
type use flame curtains to prevent the 
reducing atmosphere in the muffle from 
combining with air at the entrance and 
exit. Since there are no separating baf- 


PURGE TIMER 


TO MUFFLE 


VALVE 2 —— FLOWMETER 


i SOLENOID 


























7 ae ne 
HYDROGEN i oe . 
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Y 1 || ——— FLOWMETER 
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el 5 
NITROGEN Safety system of Transheat furnace. In 
case of hydrogen failure or overpres- 
sure, solenoid valve 1 will close and 
\ the muffle will flood with nitrogen 








through solenoid valve 2. Hydrogen 
failure will light the red pilot light, 
nitrogen failure the yellow pilot light. 
Just before the furnace is run, the 
purge timer causes the muffle to flood 
with nitrogen purging the muffle of air. 
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fles between the reducing atmosphere 
and the flame there are 
zones at in which air, re- 
ducing gas, and flame are mixed. As 
a result, the product riding on the con- 
veyor is subjected to heat premature- 
ly, before it is in a fully protective at- 
mosphere, and the product is reheated 
after completing the cooling portion 
the heat 
generated at the flame curtains affects 
the accuracy of the temperature con- 
trol system. 


curtain, 


each end 


of the cycle. In addition, 


Another objection to conventional 
designs is that they introduce the reduc- 
ing atmosphere at room temperature 
into the furnace causing cool spots at 
the points of entry. 

But BTU Transheat furnace over- 
came these difficulties by an entirely 
new muffle design. Flame curtains were 
replaced by nitrogen curtains at each 
end of the muffle separated from the 
reducing gas by baffles. 

The nitrogen is fed into the curtained 
area from both top and bottom with 
sufficient flow to overcome any possible 
effect of eddy currents caused by the 
movement of the conveyor belt or 
product, which tend to bring air into 
the muffle. 

To prevent introducing the reducing 
atmosphere directly into the heating 
chamber, BTU engineers designed the 
muffle so that the gas is preheated. The 
preheated gas is diffused into the heat- 
ing chamber in proportion to its spe- 
cific volume. 

The reducing atmosphere is drawn 
out of the muffle through vertical fun- 
nels and tubes at the border planes 
between the hydrogen and_ nitrogen, 
and is burned outside the furnace. This 
arrangement has the advantage of pre- 
venting an atmosphere flow pattern 
tending to draw air into the furnace, 
by creating a back pressure against 
the nitrogen curtain. 


SAFETY SYSTEM 

A safety system to protect against 
aberrations or interruptions in the nor- 
mal supply of reducing atmosphere or 
nitrogen, especially against excess pres- 
sure of the reducing atmosphere, is 
important not only in avoiding danger, 
but in maintaining consistent atmos- 
phere control. The safety system in 
the BTU furnace shuts off the supply of 
ambient gas when its pressure is exces- 
sive and floods the muflle with nitrogen. 
It also produces a visual or audible 
signal whenever the pressure of ambient 
gas is excesive or insufficient. 
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Sherman Solderless $S Type 
“All-Around” lugs are made 
in six sizes — #14 to 1000 
MCM. Large contact surface for 
maximum conductivity. Open 
end barrel assures proper cable 


installation. Low silhouette — 





easy to install in tight places. 
Precision made and corrosion 


resistant. 





Sherman — Known for quality 
since 1895. 





B. SHERMAN Aye 
MANUFACTURING CO. [ARa ae 


BATTLE CREEK, MICHIGAN 
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Do You Need... 
POSITIVE DRIVE DURING NORMAL OPERATION? 
POSITIVE LOCK IN ANGULAR POSITION AT POWER CUT-OFF? 


YOU GET BOTH 


WITH THE MORTON 











Power 
Source 























The Smith-Nobak Device 


shafts to rotate simultaneously. 


yermits both 
I 


tomation, aircraft control 
When power 


transfer tables, conveyors, 








stops, the device prevents further rotation of printing presses, and wherever 
the mechanism either from the initial inertia trol of angular sition is 
force or from an external force applied from especially adaptable for steering mechanisms 
anywhere except the original source. The f industrial trucks, tractors, and boats 
driven shaft is locked in position preve presses, and for boom _ hoists 
its rotation in either direction pplicat Load ratings from 50% 1: 
of power unlocks the device instantly. are available Specific rec 

be sent you on receipt of y 

The device is finding numerous uses in au 
é 


4-page Smith-Nobak bulletin and technical data available on request We also manufacture 
special ball, roller and thrust bearings t t ’ 1ri? "ye 
available on request. 


n 
MORTON BEARING COMPANY 815 WILDT STREET, ANN ARBOR, MICHIGAN 








FOR MORE INFORMATION CIRCLE 42 ON INQUIRY CARD 


51 











| SYSTEMS DESIGN | 





DIGITAL READOUT PRINTER 


Solenoid-Lever design converts 
voltage pulse to lateral motion 


Relays and stepping switches per- 
form the transition from electrical cur- 
rent to mechanical motion so well that 
many designers instinctively turn to 
such an arrangement to produce lateral 
motion from a series of electrical pulses. 
Yet, in many cases relays and moving- 
contact switches cause reliability and 
maintenance problems. 

Taking a new approach, Computer 
Measurements Corporation uses a 
modular solenoid-lever device (Fig. 1) 
as the electromechanical transducer in 
the design of a digital readout printer. 
This mechanism, described for us by 
Mr. Rex Lovejoy, Director of Research 
at CMC, provides lateral motion pro- 
portional to coded electrical signals 
which are applied as voltage pulses 
into the digital printer from auxiliary 
equipment. 

A digital readout printer is an elec- 
tromechanical device that turns out a 


printed record of digital numerals on 
paper as a result of being energized 
with coded electrical pulses. Printers of 
this nature are used in such places as 
electronic circuit laboratories to moni- 
tor and test the behavior of oscillators, 
to count time between closely spaced 
electrical phenomena, to count parti- 
cles passing a given point over a period 
of time, to measure voltages and cur- 
rent frequencies and record a series of 
such meter readings and generally in 
many applications where measurements 
of time periods are involved. Such a 
printer is usually used in conjunction 
with an electronic frequency counter 
instrument. 


ACCURACY IN ELECTRONIC COUNTERS 


Most electronic frequency counters 
display their meter readings as lighted 
digital numerals on a front display 
panel. An observer can read the fre- 
quency or time period of electrical 
signals being monitored as often as he 
chooses, by either pressing a button 
each time he wants to read or pre- 
setting the electronic counter to cycle 
itself and automatically display read- 
ings a given number of readings per 
minute. 
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FIG. 1—Solenoid-lever matrix converts coded electrical signals from electronic 
counter into mechanical printing actions. The matrix module consists of four 
dual solenoids and a system of interconnected levers. Each of the four solenoids 
is made up of two separate coils of wire wound in an ova! fashion around metal- 
lic cores. Both solenoids in each pair are wired in parallel and work simultane- 
ously, the two parallel solenoids effecting miniaturization better than one 
larger coil. The resulting pair of coils is extremely thin when viewed on edge; 
and yet, the thin pair do the same job that a single fat coil would do. Twelve 
such modules are positioned side by side in the printer shown to create 12 


printed digits simultaneously. 
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FIG. 2 


Computer Measurements Cor- 
poration’s Digital Readout Printer. 





A digital counter 


precise 


frequency pro- 


vides measurements of fre- 
quency and is inherently quite ac- 
time period 
readings can be obtained to any de- 
sired number of significant figures or 
decimal places within the capabilities 
of a given machine and can be made 
as slowly or as rapidly as the need 
dictates. If a permanent record of 
counter readings is desired, an observer 
can set the counter to cycle itself just 
as rapidly as he can jot down the 
readings on the panel. 

Still there is a big disadvantage to 
writing down readings by hand; the 
electronic counter is capable of pro- 


curate. Frequency or 


viding readings much more rapidly 
than a man can write. So it was logical 
that machines be developed to print 
out the rapid meter readings of such 
an electronic counter as well as of 
similar instruments. The digital read- 
out printer shown in Fig. 2 is such a 
device. 


ADDING MACHINE MECHANISM USED 


The speed with which a readout 
printer can produce printed materials 
is a function of several factors. First, 
the electrical information generated by 
the electronic counter must be con- 
verted into a form suitable for trans- 
formation into mechanical motion. Then 
the mechanical motion must be used to 
position type against paper, if we as- 
sume that 
printing is to be used. Since standard 


conventional _ letterpress 
off-the-shelf adding machine mecha- 
nisms provide a dependable vehicle 
for printing the numerals on paper, 
designers have turned to adding ma- 
chine sub-assemblies for the final step 
in providing readout printing. Such 
off-the-shelf mechanisms print about 
four lines per second dependably, each 
line containing 12 digits. 

The design problem in developing 
a printer is to convert the coded elec- 
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trical pulses from an electronic coun- 
ter into mechanical printing actions. 
The unique solenoid-lever matrix (Fig. 
1) was developed to do this job of 
electromechanical transducing. The 
matrix is so named because it is a 
logical orderly arrangement of units 
which will respond proportionally to 
produce an accurate translatory action 
when energized with input electrical 
information. 


HOW THE MATRIX WORKS 


The matrix module which translates 
a group of electrical impulses of very 
short duration into a printing bar posi- 
tion operates in the following manner. 
Each time a coded electrical signal is 
fed into the solenoid-lever system a 
numeral is represented. The number 
system is shown in the table of Fig. 3. 


FIG. 3—Coding scheme. Conversion of 
four-digit electrical code information 
into ten-digit decimal printed num- 
bers. For example, if the number 4 is 
to be printed, solenoids 1 and 4 would 
not be energized but solenoids 2 and 3 
would be energized. This code, used 
by most electronic counters, differs 
from an ordinary binary code. 


Assume that the number 4 is to be 
printed on the paper tape that comes 
out the top of the printer. Solenoids 
| and 4 would not be energized but 
the two middle solenoids would. The 
signal to energize the middle 
solenoids is applied to the matrix for 
ipproximately 150 milliseconds. Dur- 
ing this time the two mechanical levers 
immediately adjacent to the armatures 
cores ) 


two 


of the two middle solenoids 
Fig. 1) are attracted to the electro- 
magnetic cores and latch themselves 
into place mechanically. Then a_ bar, 
at right angles to the plane of the lever 
rms, which rides‘in the slotted tab at 
the bottom of the assembly (Fig. 1) is 
moved by a motor. The bar attempts 
to move the slotted tab all the way to 
the right hand side of the module, but 
is stopped four-ninths of the way across 
ry the lever system. The result then 
s that the numeral 4 is pushed up 
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toward the paper tape in the machine 
and held there while a force is applied 
by the adding machine mechanism to 
imprint the 4 on the paper tape. 

The printing bar is actuated by a 
“print” command as often as four times 
per second. Each time the printing 
bar is actuated, it attempts to travel 
all the way to the numeral 9 position. 
However, depending upon the arrange- 
ment of the levers in the matrix, the 
bar is stopped along the way at any 
position from zero to the numeral 9. 
Immediately after any numeral is 
printed upon the paper tape, the print- 
ing bar is mechanically reset in its 
zero or home base position. 

One of the design features of the 
module enabling the printer to operate 
at high speed is that a new set of 
electrical signals can be imposed while 
the printing impression is taking place. 
As the printing bar travels, and even 
after the solenoids are energized and 
their arms are latched into place, elec- 
trical signals can be changed at will 
in the four dual solenoids without af- 
fecting the numeral positioning. Al- 
though these signals can be changed in 
a few milliseconds, the operation rate 
of the printer as a whole is limited by 
the speed the adding machine mecha- 
nism can push the printing bar for- 
ward and apply printing pressure to 
the numerals in front of the paper tape. 


THE ELECTRONIC CIRCUIT 


These plug-in modules constitute the 
heart of the digital printer. However 
they are useless without proper elec- 
trical signal. inputs. Electronic fre- 


quency counters supplying those inputs 
usually have electrical output recepta- 
cles containing four electrical contacts 
for each digit which the counter shows 
on its front panel. With 12 digits dis- 
played, 48 wires, plus 
ground connection, will normally ap- 
pear at the counter readout electrical 
receptacle. In addition a connection is 
available for an electrical signal—a 
pulse representing a “print” command. 
Usually a connection is also brought 
out to enable auxiliary equipment such 
as a digital readout printer to electri- 
cally by-pass the reset circuit of the 


a common 


counter itself. The by-pass wiring pre- 
vents a re-cycle of the frequency coun- 
ter until the readout printer has com- 
pleted the printing of one line of digits. 
Using such normally-available wiring 
connections, the readout printer serves 
a two-fold purpose electronically. First, 
it decipers the code signals, repre- 
sented in a ]1-2-2-4 fashion as illustrated 
by Fig. 3, into a decimal numeral 
system. This action is accomplished by 
the matrix module described above. 
Second, the printer amplifies the power 
of the output code signals of the coun- 
ter to a strength sufficient to operate 
the mechanical printing mechanisms. 
In accomplishing these functions, the 
printer circuitry must be designed so 
that absolute accuracy is assured. 
Figure 4 is a block diagram of the 
printer showing 
tronic system is 


how the basic elec- 
designed. Each code 
signal from the counter is amplified in 
a pentode to provide sufficient current 
to energize a dual solenoid in a matrix 
module. Since the coded data signals 


themselves are in the nature of off-on 


FIG. 4—Block Diagram of digital readout printer. 
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signals, amplitude distortions and broad 
gain changes in each pentode amplifier 
do not affect the circuit operation. 
Either the tube is conducting fully or 
cut off by the input code signal. More 
than enough current is furnished by 
each tube in its poorest rated operation 
condition to energize the matrix sole- 
noid. 

During the “off” periods of each 
the tube characteris- 
tics are unrelated to the 
of the other circuits. The code sig- 
nals into the printer from the counter 


vacuum tube, 


operation 


are more than sufficient in amplitude 
to bias the tube in each case to either 
full cut-off or conduction. In addition 
to the code signal (data signal) ap- 
the control grid of each 
the screen grid of the 
controlled. During and 
the energized with a 
positive This that, 
except when a “print” command is 
applied, the polarity and magnitude 
of any. voltage on the control grid 
of the pentode does not affect the 


plied to 
pentode, 
pentode is 
screen grid 


voltage. means 


current in the matrix solenoid. 

The “print” command from the 
counter is used to trigger a mono- 
stable multivibrator in the readout 
printer. The monostable, or one-shot, 
multivibrator provides an _ output 
pulse of positive voltage to the pen- 
tode screen grid for a very short 
time (100 to 200 milliseconds). This 
allows the pentode to conduct only 
during a gated time period. If the 
signal on the control grid is positive 
during this gated time period, the 
pentode will conduct current ener- 
gizing the solenoid. If, on the other 
hand, the signal on the pentode con- 
trol grid is negative during the gated 
time period, the pentode will not 
conduct current. Thus, regardless of 
stray voltages during cycling periods 
of the counter, the matrix module is 
energized only when the counter gives 
a “print” command or when the 
manual override button is pressed. 


POWER SUPPLY 


Since the printing circuitry operates 
in a gated fashion as described, the 


power supply furnishing plate cur- 





NOW SIMPLY 
MIX AND FIX 
i ee 








Check these advantages over 





IX-MIX 


NEW UNIT PACKAGED EPOXY ADHESIVES 
conventional 
for bonding and encapsulating electrical and electronic devices. 
y@ Provides a quick, sure, and easy application 
@ Saves time—just mix within the tube and use 
@ Eliminates human error in measuring out correct amounts of resin and hardener 


@ Adaptable to custom formulations for special applications 
@ Avoids danger of skin irritation by eliminating contact with hardener and resins 


AMERICAN METASEAL CORPORATION 


18666 Fitzpatrick, Detroit 28, Michigan 
607 65th Street, West New York, N. J. 
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epoxy adhesives 
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rent to the pentodes is never called 
upon to deliver its maximum output 
continuously. With such a low duty 
cycle, the B+ supply can be designed 
to furnish peak currents only during 
short periods. A storage capacitor of 
40 microfarads at the output of the 
power supply stores electrical energy 
during “off’ portions of the duty 
cycle. In addition, separate plate 
supply voltages are used in the printer 
shown. One supply potential operates 
the string of 
shown in the block diagram. An iso- 
lation, or decoupling, filter separates 
the from th 
plates of The filter 
stray switching 
the flipflop circuits from 


multivibrators as_ is 


multivibrator _ plates 
the pentodes. 
completely prevents 
signals of 
interfering with the currents in_ th« 
matrix The use of these 
filters, plus conservative design in th 
pentode 


solenoids. 


circuits, 
allows use of an unregulated power 


solenoid-energizing 


supply. The power supply, a_ trans- 
former and two silicon cartridge rec- 
tifiers, is extremely simple and straight- 
forward. 

Circle 164 on Reader Inquiry Card. 


NEW DYNAMOMETER CONTROL 


= 
Electrically-Simulated Inertia 
Electrically-simulated inertia has beet 
substituted for unwieldy inertia discs 
(flywheels) in a new type of dyna- 
mometer control. 

Use of simulated inertia eliminates the 
necessity for hoisting huge flywheels 
into place for the testing of accelera- 
tion and deceleration performance of 
passenger cars, trucks, and buses. For- 
merly, as many as 24 huge flywheels 
weighing a total of about 10 tons wer 
required in the testing of heavy truck 
chassis. 

The flywheels were used to simulaté 
the effect of vehicle mass. 

Engineers say the new control pro- 
vides savings in floor space, initial cost 
and time required to set up for a test 
Using electrical simulation, it is neces: 
sary only to set a potentiometer for thé 
desired inertia value and put the test 
stand into operation. 

Engineers at General Electric’s In- 
dustry Control Dep’t., Roanoke, Va. 
who developed the technique, say that 
several applications of electrically-simu- 
lated inertia control are now being 
studied. 

Circle 250 on Reader Inquiry Card. 
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New trends and developments 
in designing electrical products... 


How to magnetize permanent magnets to obtain 
maximum energy product and magnetic stability 


According to the domain theory of 
ferromagnetism, a magnetic material 
is composed of elementary magnetic 
volumes called domains. These do- 
mains are randomly oriented in un- 
magnetized materials (Figure 1). 
Their fields cancel each other, and 
no external field results. 


Ol] 1 1 Ol—||0| t 
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Figure 1—Demagnetized material 
(domains completely disorganized) 






































Subjecting the magnetic material to 
an external field rotates the elemen- 
tary magnets in the direction of 
the applied field (Figure 2). In per- 
manent magnets, this orientation is 
retained to some extent after the 
field is removed. The magnetic mate- 
rial exhibits poles and an external 


field. 
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Figure 2—Magnetized material 
(domains rotated into alignment) 


The improvement of permanent- 
magnet materials has made _ the 
elementary domains more difficult 
to align. Proper magnetization tech- 
niques have thus become highly im- 
portant because of the adverse results 
of partially magnetized magnets. 


Partial magnetization means that 
the full external field capabilities 
of the magnet are not realized. And, 
the magnet is less resistant to de- 


magnetizing influences — hence less 
stable. 
Consequently, General Electric 


has done extensive work with users 
of permanent magnets on the prob- 
lems of effective magnetization. 


Modern magnetizing equipment 
takes advantage of the fact that 
magnetization is essentially an in- 
stantaneous process, and may be 
achieved with short-duration current 
impulses. Consequently, direct-cur- 
rent equipment, like generators and 
electromagnets, are giving way to 
impulse equipment. 


The main advantages of impulse- 
type magnetizers are lower equip- 


SEPTEMBER-OCTOBER 1957 


ment cost, reduced demand on power 
supply, and greater flexibility in 
shapes of fields that can be set up. 
Impulse equipment generally falls 
into two basic types: 


(1) Half-cycle type, operating from 
A.C. line (Figure 3). Here, an igni- 
tron tube with suitable control 
allows current to flow for one-half 
cycle. 


MAGNETIZING 
[ CURRENT PATH 


Ic 











TIME CONTROL 


circuit 
ac 
POWER 


IGNITRON TUBE 





Figure 3—Circuit for half-cycle-type magnetizer 


(2) Energy-storage type (Figure 
4). Here, a capacitor is charged at 
a relatively slow rate, and then 
discharged into the magnetizing 
circuit. This type of equipment is 
extremely versatile; tremendous 
peak currents are possible from low- 
capacity power systems. 


FIRING CONTROL 


IGNITRON TUBE 


MAGNETIZING 
FIXTURE 











Figure 4—Circuit for energy-storage-type 
magnetizer 


Using this equipment, a simple mag- 
net shape like the “C” magnet in Fig- 
ure 5 can be magnetized by a single 
conductor threading the magnet. 


y 
y 4 





Figure 5—Conductor 
arrangement for 
“C’ magnet 


The “E” shape configuration (Fig- 
ure 6) uses two conductors arranged 
to carry current in opposite direc- 
tions to achieve correct polarity. 


Figure 6—Conductor 
arrangement for 
“E’ magnet 





Multi-pole magnets (Figure 7) re- 
quire alternate conductors carrying 
current in opposite directions to 
establish simultaneous magnetization 
of all poles. 





Figure 7—Conductor arrangement 
for multi-pole magnet 


One of the more recent develop- 
ments in magnet configurations - 
the “bowl” magnet—can be mag- 
netized radially by the conductor 
arrangement in Figure 8. 


Figure 8—Conductor 
arrangement for 
“bowl” magnet 








These examples give some idea of 
the variety of magnetizing problems 
encountered by users of permanent 
magnets. Each configuration repre- 
sents a distinct engineering problem 
in which such variables as conductor 
size, conductor arrangement, peak 
current, and current duration must 
be accurately balanced. 

General Electric magnet engineers 
have at their fingertips all the knowl- 
edge and techniques requisite for 
efficient magnetization. They are 
always ready to assist designers and 
users of permanent magnets in get- 
ting maximum-energy product and 
stability. 

For more information on G-E 
Alnico magnets, or assistance on 
any phase of your magnet design 
problem, write Magnetic Materials 
Section, General Electric Company, 
7818 North Neff Boulevard, Edmore, 
Michigan. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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PREVENTIVE ENGINEERING 


De-icer Detects Symptoms 


Of Impending Ice Formation 
alarm system, 


A new sleet-and-ice 


designed to diagnose and warn of 
atmospheric icing conditions, has been 
developed by the American Instrument 
Co., Inc. A specially-developed precipi- 
tation monitor and a Fenwal snap- 
sense the two 


precipitation 


action Thermoswitch 


atmospheric conditions, 
and low temperature, which tend to 
form ice when they occur together. In 
responding before ice actually forms, 
the system differs from existing ice- 
alarm systems such as the venturi type 
or strain-gage type which are re- 
sponsive only to ice formation. The ad- 
vance warning allows 


necessary pre- 


caution and also reduces power 
consumption of heaters coping with 


_already deposited ice. 


HOW THE SYSTEM WORKS 

The system consists of the detection 
unit and the control box and associated 
alarm devices. The two sensing ele- 
ments in the detection unit are con- 
nected in series so that the alarm re- 
mains inoperative unless both atmos- 
pheric conditions necessary for ice for- 
matidn are present. When the alarm 
circuit actuates, a SPDT relay switches 
off the “no-ice” indicator light on the 
control box, energizes the “ice” indi- 
cator light and sounds the alarm bell. 
The alarm circuit will also turn on the 
heaters if desired. As soon as the icing 
conditions pass, the system clears itself 
automatically. 
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DETECTOR 
HOUSING 


PRECIPITATION 
ELEMENT 
\ 





termoswiren S| 
UNIT 


FIG. 1—Complete ice-alarm system 
using a two-element detection unit to 
sense atmospheric icing conditions. 





THE DETECTION UNIT 

The precipitation detector has two 
parallel coils of fine Nichrome wire 
wound around the outside of a plastic 
coil form. A drop of water on the de- 
tector provides sufficient conductivity 
to short out the windings and complete 
the circuit to ground (provided the 
contacts of interlocking thermostat are 


closed). Inside the tubular coil form, 


a potted 2.8 watt 6-volt heater oper- 


FIG. 3—Circuit diagram of the ice 
alarm system. Control unit, operated 
on a 125-volt ac supply, contains a 
cathode-follower amplifier and an as- 
sociated alarm circuit. Amplifier and 
detection units are powered through a 
1:1 isolation transformer, with the 2.8 
watt heater supplied from the 6-volt 
tap of the transformer through the 
cable shield. Combination of closed 
thermostat contacts and shorted wind- 
ings of the precipitation element de- 
velops a small voltage between the 





FIG. 2—Cut-away of the Fenwal snap- 
action Thermoswitch unit which pro- 
vides the temperature sensing part of 
the detection unit. 


ates continuously while the system is 
in use. This heater changes any snow 
or sleet falling on the detector to water 
so that the element will be equally 
responsive to all types of precipitation 
and also accelerates drying enabling 
the system to clear itself quickly when 
precipitation stops. 

The Fenwal Thermoswitch (Fig. 2 
was selected for three reasons. First, it 


can withstand the wide climatic varia- 


grid and the ground. This produces af 





x 


sufficient current change through thef 


cathode follower and its biasing resist- 


or to actuate the l-amp dc relay of thef 


alarm circuit. 


* 


Amplifier circuit contains a 5-meg-f 
ohm variable resistor enabling adjust-f 


ment of the threshold sensitivity of 
the unit to compensate for resistance 
changes on the precipitation element 
windings from accumulated dirt. The 
test switch checks the amplifier and 
alarm circuits. 
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Progressive research development policies, coupled 
with vast experience in related fields, enable BAKER to 
P M E [ | () l) \" apply its know-how in precious metals to meet the diverse 
fe problems accompanying the selection of precious metal 
/ contacts to suit individual requirements. The following 
I aril BAKER precious metal materials serve to illustrate what 
BAKER’s research departments make available in SILVER, 
; . PLATINUM, PALLADIUM and GOLD, in pure or alloy form, 
0 () \ T A C T c ‘ for supply as wire, rod, sheet, and as fabricated forms, 
oe such as rivets, discs, solderbacks, welding types, overlay, 
: edgelay, inlay and irregular shapes. 
” SILVER AND SILVER ALLOYS 
P K () | f) i al ly F a One of the most widely used materials for electrical 
# contacts, SILVER provides high resistance to atmospheric 
4 corrosion. Silver Alloys—which contain base metals to 
| snap- () R E RAT| ly 6 achieve specific properties — provide other modified char- 
acteristics, such as increased resistance to arc erosion, 
sticking and metal transfer. 
LIFE AND PLATINUM AND PLATINUM ALLOYS 
om 8 : Offering a higher resistance to tarnish and corrosion 
: ma than any other contact material, the contact resistance 
waa lJ NV A RY| \ G of platinum can be maintained at a low value throughout 
ipitation its operating life. Platinum alloys provide higher melting 
points and hardness, greater resistance to deformation, 
ly wher _ longer life and increased resistance to sticking and metal 
Mee PERFORMANCE (memes 
First, il Write for complete catalog material and details. 
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WITRONEAL GAS GENERATOR . FINE WIRE of ductile and RHODIUM PLATING provides 
economically and safely pro- non-ductile material meets a hard, brilliant white, 
vides fully automaticfurnace the expanding require- non-tarnishable surface 
brazing and bright annealing ments of industry with extremely resistant to cor- 
of stainless steel. highest quality. rosive conditions 
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tions of the far north since it can be 
exposed indefinitely to —100°F and to 
well above 125°F and still operate pre- 
cisely at its setpoint temperature. 

Second, a direct and constant rela- 
tionship between angular rotation of 
the temperature setting screw and the 
amount of adjustment in setpoint tem- 
perature (one full turn = 23°F) made 
it possible to equip the thermostat with 
a direct-reading temperature dial and 
pointer. Thus, the unit can be set in 
the field without reference to a cali- 
bration table—more than a casual con- 
venience to a tower man at the top of 
a 400-ft. antenna. 

Third, the compact head of the unit 
permits installation, even with the 
added dial and pointer, in the detec- 
tion-unit housing where clearance is 
limited. 


EQUIPMENT LAYOUT 

Each control box may be connected 
to one or two detection units wired in 
parallel. The detection units may be 
placed up to 1000 feet away from the 
control box using RG-69/U cable, and 
2000 feet away using RG-62/U cable. 
The housing of the detection unit is 
fully moisture-proofed by a gasket in 
the cover and by gasketing in the bush- 
ings where the thermoswitch unit and 
precipitating element are threaded into 
the housing. 

Approximately 100 of these systems 
have been furnished for protecting 
radar towers on the DEW line and 
Project Alice. The reduction of antenna 
heat requirements is an important 
economy in northern areas 
where all supplies, including the fuel 
to operate power generators, must be 
flown in during the few good months 
of good flying weather. 

Besides tower applications, 
these systems can be used to detect 
incipient icing conditions around air- 
ports, buildings, highways and other 
locations where advance warning of 
icing would provide valuable opera- 
tional guidance. 


remote 


radar 


Circle 162 on Reader Inquiry Card. 


WORTH FILING 
Terminais 


Extensive engineering and design in- 
formation on Teflon-insulated terminals 
is provided by the latest “Press-Fit” 
Manual distributed at the Wescon Show 
for the first time. 


Issued by: Sealectro Corporation, 


Mamaroneck, New York 
For your copy: Circle 146 on Inquiry Card 
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TYPE RV 1/2 


TIC, originator of trimmer pots, combines advanced 
design techniques and craftsmanship in its miniature 
and subminiature precision trimmer potentiometers. 


Pot size ranges from 1 inch to % inch... 


. pow er 


ranges up to 4 watts. 


TIC pots provide the ultimate in: 


Long Term Reliability by use of precious 

















a 
metal contacts, low temperature coefficient of 
resistance 
@ Sealing Design Techniques provide protec- 
tion against moisture and salt spray 
e@ Rugged Construction for resistance to shock 
and vibration 
@ Flexibility of Design Applications, a variety 
of shapes for optimum space use 
e@ High Resolution 
TYPE TURNS RESIST. RANGE TEMP. RANGE 
25 
RFT* metallic film 50—25Kohms —55°to +125°C 
1 
RWT wirewound 50—15Kohms —55°to +95°C_ 
1 
RV 1/2 wirewound 50—100Kolhms —55 to + 145°C 
RV 7/8 wirewound 100—100Kohms —55°to +145°C 





*Optimum spacing — as many as 7 in area of 1 sq. in. 








All designed for the most stringent aircraft and rocket 
applications. 





All units are available from stock 


in production quantities. 


Complete information on request. 





TYPE RWT 


These advanced design 
features provide for wide 
applications : 


@ Threshold voltage ad- 
justment 


@ Fixed gain adjustment 


@ Parameter compensation 


@ Critical magnetic and 
electric bias 


@ Establishing circuit 
values 


@ Padding 


@ Balancing adjustments 


@ Adjusting scale factors 


F] FATECHNOLOGY INSTRUMENT CORP, 


529 Main Street, Acton, Mass. COlonial 3-7711 
FOR MORE INFORMATION CIRCLE 46 ON INQUIRY CARD. 
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/ESTS PROVE—RELIABILITY IMPROVED MOST 
WITH ATLEE COMPONENT HOLDERS! 





Impartial evaluation tests by one of the world’s 
leading aviation firms now substantiates the fact 
that ATLEE COMPONENT HOLDERS provide 
automatic increase in holding power under ex- 
treme vibration and temperature changes. 


THE TESTS: 100 insertion-withdrawals; 2000 eps at 
65 G’s; and 200 G’s axial impact. 


THE RESULTS: ““No resonant frequencies” ; “no move- 
ment of any component”; and “more resistance 
to fatigue because the force required to dis- 
lodge the component under dynamic conditions 
after the insertion-withdrawal test increased” !!!! 


ATLAS E-E CORPORATION 


47 Prospect Street e Woburn, Massachusetts 
3757 Wilshire Boulevard @ Los Angeles, California 
CIRCLE 47 ON INQUIRY CARD 





Clean, uniform, exact heat to match the size 
and shape of your production equipment 





CHROMALOX Electric Strip Heaters 


Quickly and easily bolt 
or clamp Chromalox 
Electric Strip Heaters to 
your platens, dies, kettles, 
tanks, pipes, ovens, air 
ducts, for the many ad- 
vantages obtained only 
with electric heat. 


FREE BULLETIN—Call your Chromalox Representative 
. . or write today for Bulletin F1566. 


Edwin L. Wiegand Company 
7900 Thomas Boulevard, Pittsburgh 8, P» C-2108 
CIRCLE 48 ON INQUIRY CARD 





Lengths 4” to 96” Widths 4" to 24%" 
Cross-section curving or lengthwise bending. 
Ring Diameters 24%" to 11” 

115, 208, 230, 480 Volts 35 to 5,000 Watts 


Sheath Materials: rust resisting iron, high 
temperature chrome steel, Monel 


Choice of convenient terminal placements. 
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if you use 


PRESSURE 
SNUBBER 






impulses and fluctuations—eliminate 

pressure gauge failure due to shock 

—remove harmful solids from ac- 

tuating fluids. snare in Ve", IN STAINLESS 
T 


Va" and V2" NPT. ; STEEL, BRASS 


SPEC. MIL-D-2940 


AVAILABLE 


1 
. ! 
BS NOW! CHEMIQUIP, | ‘sa 
THE ORIGINAL, GIVES ' @ RESISTS 
YOU TYPE 316 ! CORROSION 
POROUS DISCS, EXCLUSIVELY i e EASILY CLEANED 
| 
What they do: Chemiquip pressure { ° eae MOVING 
snubbers give steady average pres- | Py 7 WITH 
sure reading—smooth out pressure | US. NAVAL 
! 
1 
! 
| 


Popular uses: dampening pulsations ' DURAL 
and surges; for mercury mancmeters, OR MONEL 
metering, and filtering small quan- 
tifies a liquids or gases 
Write today for illustrated 
fully-detailed Bulletin E-19. 
462 W. BROADWAY 
| OF NEW YORK 12, N. Y. 
- GR 7-3772 
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NEW! REVOLUTIONARY! 


Removes “Hard-to-Strip” 
FORMVAR, FORMEX, & ENAMEL 


insulation In Seconds! 











Out 


WITHDRAW. WIPE CLEAN. 
Expose to _ air. Operation com- 
Watch coating pleted in sec- 


disintegrate. onds! 


DIP WIRE in 
SUPER X-VAR 
for 3 seconds, 














New Super X-Var quickly removes coatings 
that X-Var can’t remove or removes slowly. 
Non-corrosive and leaves wire ready for solder- 
ing. Now in use by leading manufacturers of 
electrical products. 


Request free sample for test, use. 
Fidelity Chemical Products Corp 
476 Frelinghuysen Ave., Newark 5, N. J. 


International Division 
15 Moore St., N.Y.C. * Cable “CHURCHIN” New York 
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CODING LAMP 


MISSILE TRACKING 


No Bounce in the Camera 


An increase to 70 mm motion picture 
film from the more conventional 16 or 
35 mm is a must at many test bases to 
permit wide-area coverage with the 
large magnification required to see a 
fastmoving missile at long range. Prob- 
lem of providing such a 70 mm camera 
which operates at speeds almost four 
times as fast as conventional silent mo- 
tion picture cameras was solved by 
Flight Research, Incorporated, of Rich- 
mond, Virginia, in the design of their 
new MULTIDATA® Model V Missile 
Tracking Cameras. 

Charles A. Gregory, Jr., Flight Re- 
search’s Technical Director, pointed out 
that the major objective in the design 
of this camera—in addition to the more 
usual ones of convenience, ruggedness 
and reliability—was the reduction to 
nearly zero of vibration induced by the 
camera mechanism. Since these cameras 
may ‘be used on lenses having almost 
200 power magnification, any vibration 
caused by the camera could completely 
spoil the picture. Remembering how 
difficult it is to hold a pair of 7-power 


binoculars still enough to see clearly a. 


distant object may make the magnitude 
of the problem clearer. 

At the design speed of 60 frames 
per second, the film must be carried 
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MAGAZINE DRIVE PULLEY 











FLEXIBLE 
MAGAZINE DRIVE 

SERVO PHASER — 
yy (SERVO TO SHUTTER) \_ 








/[rootst 
COUNTER 
1800 RPM ——+ 


MICRO SWITCH 
CUT-OFF 











FIG 2—To 


the 
Research’s engineers designed the entirely new type of 
film transport mechanism above. In this new mechanism 


reduce 


a set of reciprocating 
claw mechanism. 
Because of the mechanical 





vibration 


rollers 


DIFFERENTIAL (INDEPENDENT OF SHAFT, 


(Y) 
aR __ OUTPUT SIDE KEYED TO SHAFT) 
A] <2. 





\ INPUT CHANGE GEARS 


XG OUTPUT CHANGE GEARS 


BUCKLE TRIP 


inducing forces Flight 


replaces an intermittent 


advantage obtained in the 


rollers, the roller mechanism needs to move less than %4 
inch to move the film the entire required 2.34 inches. 
Since the time allowed for this motion remains the same, 
the acceleration of the mechanism is reduced in direct 
proportion to the distance reduction or to less than one 
third that required with a claw type mechanism. The 
vibration forces are proportionally reduced. In addition 
to the reduction in the actual value of the vibration 
forces the short travel required permits the cam mechan- 
ism to be designed so that rollers return to the top of 
their stroke at constant velocity. During this constant 
velocity period, when there are, of course, no acceleration 
forces, the shutter is opened and the picture taken. No 
vibration inducing forces occur during the actual picture 


taking portion of the cycle. 





FIG 1—Vibration levels in Flight Re- 
search’s 70 mm precision data-record- 
ing camera, specifically designed for 
missile tracking, are low enough to 
permit the camera to operate at high 
speed even when mounted on the 
longest focal length telescopes. 


through the camera at the rate of 11.7 
feet per second or 702 feet per minute. 
During each second the portion of the 
film in back of the lens must be stopped 
60 times and held perfectly flat, per- 
fectly still and exactly 2.34 inches from 
the preceding frame. 


FILM TRANSPORT 

The normal motion picture camera 
achieves the film transport function by 
driving the film at a constant speed 
with sprockets except at the aperture 
the the 
isolated from the sprockets by a free 


behind lens where film is 
loop similar to an expansion loop in 
a pipeline. A cam driven claw engages 
a sprocket hole in the film at the aper- 
ture, pulls the film forward one frame, 
disengages, and returns to the top of 
its stroke where it engages a 
sprocket hole and repeats the cycle. In 


new 
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a full-frame 70 mm camera this claw 
must move 2.34 inches down during 
the film movement portion of the cycle, 
stop and move 2.34 inches back to the 
beginning of the cycle. This start and 
stop movement requires acceleration 
which in turn requires that forces 
proportional to this acceleration be 
applied to the claw and consequently 
that there be reaction forces on the 
camera body. Since these reaction 
forces are cyclic in nature, inevitably 
some vibration is induced. 

To get some idea of the forces in- 
volved, here is the minimum accelera- 
tion which can be applied to such a 
claw and which would occur if an ac- 
celerating or decelerating force were ap- 
plied at all times. In this constantly ap- 
plied acceleration case, calculated over 
a quarter cycle for simplicity: 


a = 2s/t*® 
where s = distance travelled, or 
(2.34/2) inches x (1/12) (ft/inch); 
t=time in which % cycle must 
be completed 
% cycle x (1/60) (sec/cycle) 
for the maximum speed design 
considered here. 
Inserting these values for s and t in 
the above equations the acceleration be- 
comes 


or 


a = 11,232 ft./sec.2 or 350 g’s 


A minimum cyclic driving force of 


350 pounds for each pound of claw 


mechanism is, therefore, trying to in- 
duce vibration in the camera body at 
all times. 

Flight Research’s new film transport 
design that solves this vibration prob- 
lem is shown in Fig. 2. 

SHUTTER PHASING 

In almost all missile tests the photo- 
graphic record is used with 
sources of data. Ease of photographic 
data reduction is increased considerably 


other 


if pictures can be taken at exactly 

known times and at equal time inter- 

vals. 

A servo loop accomplishes this ob- 
jective by adjustments in the speed of 
the camera mechanism so that the mid- 
point of the shutter opening of the 
camera occurs at the same time as a 
master time signal. The schematic block 
diagram of this servo loop and its func- 
tion is in Fig. 3. 

OUTPUT PULSE 
The output pulse described in the 

servo loop of Fig. 3 serves four different 

purposes: 

@ to compare to a master time signal 
to permit accurate shutter phasing, 

@ to flash lamps in the camera aper- 
ture which illuminate reference (fi- 
ducial) markers. 

@ to drive a tachometer which indi- 
cates the frame rate at which the 
camera is operating, 

@ to provide a reference signal which 
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FIG 3—A 3 phase synchronous motor 
drives the entire camera mechanism 
and provides the basic speed stability. 
The problem of fine adjustment to 
phase the shutter of the camera to the 
master time signal is overcome by a 
servo-motor driven differential gear 
mechanism which can be driven on 
command to speed up or slow down 
the main camera mechanism with re- 
spect to the drive motor speed. Servo- 
driven differential can be used either 
to bring the shutter opening into phase 
with the master time signal at start-up 
of the camera or may be run continu- 
ously to adjust for small errors in the 
line frequency driving the main cam- 
era drive motor. Error between camera 
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shutter phasing and the master time 
signal is sensed by comparing the time 
of an output pulse generated in the 
camera exactly at the midpoint of 
shutter opening to the time of the mas- 
ter time signal. Time discriminator 
senses the magnitude and direction of 
this error and feeds an error signal to 
the servo amplifier which drives the 
servo-motor in the proper direction. 
As the differential gears change the 
phasing of the shutter with respect to 
the master time signal, the camera- 
generated output pulse continuously 
feeds back through the servo loop so 
that only the proper correction is made 
without overshoot. 


























Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdlow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N.Y. 58, N. Y. 
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SIMPLIFIED OUTPUT PULSE CIRCUIT 


SCHEMATIC 


«iG. 4—The pulse generator is a seg- 
mented slip ring designed to form a 
single-pole-double-throw switch. It 
spends one third of a cycle on each 
active contact and one third in the 
open division. When the switch is on 
contact 1, the current charging conden- 
ser C; passes through the tachometer 
meter. Proper choice of time constants 
insures that the charge passed through 
the meter is constant for each switch 
closure regardless of shutter shaft 
speed. Average current passing through 
the meter, therefore, depends solely on 
the number of switch closures per unit 


may be fed to auxiliary instruments 

to record the exact time at which 

each picture is taken. 

Except for the driving of the tacho- 
meter, all of these objectives require 
the pulse to occur exactly at the mid- 
point of shutter opening—the time at 
which the picture is considered to have 
been taken. Since the size of the shutter 
opening may be varied between 0 and 
120 degrees, the pulse generator must 
adjust automatically to occur at mid- 
point for all settings of shutter opening. 

To provide adjustment of the shutter 
opening, two separate shutters are 
mounted on concentric shafts. The 
pulse generator is a segmented slip 
ring mounted concentric with the 
shutter shafts. 

This slip ring is held in relation to 
the shutter shafts only by a pin which 
is fixed to the slip ring but which 
rides freely in crossed 45 degree helical 
slots in the two shutter shafts. When 
the shafts rotated with respect 
to each other to change the effective 
shutter opening, the slip ring is rotated 
only half as far and is thus held always 
at the midpoint of the shutter opening. 
(See Fig. 4 for details. ) 

Shutter phasing and auxiliary timing 
pulses are essentially the same pulse 


are 
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time and consequently on the rotation 
rate of shutter shaft (camera frame 
rate). Meter face is calibrated in the 
standard frame rates of the camera 
and the time constant of the meter 
movement itself is long enough to 
average the current through the meter, 
providing direct reading of camera 
speed in frames per second. Pulses re- 
quired for shutter phasing, fiducial 
marker illumination and _ auxiliary 
timing are initiated by the closure of 
the slip ring switch to contact 2 and 
the discharge of condenser, C,, through 
a resistive load. 


and are passed through a pulse shaping 
network which produces a pulse with a 
rise time of approximately 10 micro- 
seconds and the pulse is clipped to 
obtain a flat top of 4 milliseconds dura- 
tion and 30 volt magnitude. The net- 
work is designed to feed into a 1000 
ohm load and the pulse is made avail- 
able for use outside the camera through 
two separate connectors. 

Firing of the fiducial marker lamps 
requires a special pulse. Fiducial mark- 
ers can be lighted only during the time 
the film is stationary since any blurring 
of the image would seriously hamper 
their use in making accurate measure- 
ments on the film. The film is station- 
ary only during the time the shutter 
is open. In the most extreme condi- 
tion—a 15 degree shutter opening at a 
frame rate of 60 frames per second— 
the time available for the lighting of 
the fiducial markers after the pulse is 
initiated at the midpoint of shutter 
opening is only 
74% degrees 1 1 
——--—--— x —-sec = —— 
360 degrees 60 2880 
or 350 microseconds 


sec 


To fire the lamps this rapidly the 
pulse from the slip ring is passed 
through a pulse shaping network so 


that the lamps are hit with an initiating 
pulse of approximately 300 volts. 


OTHER DESIGN PROBLEMS 

It was found experimentally that 
AR-9, argon filled lamps, fired much 
more reliably in this fiducial marker 
lamp circuit than did any of the many 
varieties of neon filled lamps which 
were tried. Neon lamps, were, how- 
ever, found to be quite satisfactory for 
operation in a timing code projection 
system incorporated in the camera to 
permit the application of a 1000 cycle 
binary time code on the edge of the 
film. 

Printed circuit boards were used in 
the pulse forming networks. Mounting 
the fiducial marker lamps on a printed 
circuit board at the camera aperture 
permitted very simple replacement of 
the lamps by replacement of the entire 
board. The lamp assembly can then be 
checked in the maintenance shop and 
any necessary replacements can be 
made under easier working conditions 
than at the usual camera installation. 

Flight Research’s designers feel that 
the incorporation in the camera of the 
unique film transport and the shutter 
phasing system as well as a number of 
other features specifically aimed at im- 
proving and simplifying the obtaining 
of accurate photographic data has pro- 
duced a camera which will solve many 
of the problems of the present-day pho- 
tographic engineer. 








WORTH FILING 
New Technical Publication 


Eight-page technical magazine slanted 
toward engineers and management in 
the airborne instrument and control 
fields is now being published six times 
a year. 


G. M. Giannini & Co., Inc., 


Pasadena, California 
For your copy: Circle 145 on Inquiry Card 


Issued by: 


Comparative Heat Exchanger Costs 


Twenty-page “Design and Cost” book- 
let on heat exchangers presents a rapid 
analysis of the comparable costs be- 
tween a plain condenser tube and a 
Trufin Type S/T shell and tube ex- 
changer over the range of the more 
common applications. Booklet contains 
applications and design calculations. 


Wolverine Tube Division, 
Calumet & Hecla, Inc., 

Detroit, Michigan 

For your copy: Circle 144 on Inquiry Card 


Issued by: 
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QUICKER 
DELIVERY 














RADIAL MOBILITY AT THE PRICE 
OF A FIXED SPINDLE DRILL! 


























Send for brochure describing VEET’S 16 Points of superiority 


“Weel INDUSTRIES ws: ver2011. mice. 


TEL, PRescott 6-3000 
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WELDMENTS MAKE SENSE 


Weldments_ eliminate 
pattern costs and per- 
mit alteration without 
destroying the entire 
assembly. (Ideal for 
machinery use ... 


change over). 
* 


Write for folder about 
Our services and equip- 
ment for the produc- 
tion of Flat-Die Forg- 
ings — Weldments— 





Composite Die Sections 


Press Cap Weldment 
(showing small scale pattern) 


| COMPOSITE<%>FORGINGS, INc. 


and Plate Burning. 


2300 W. JEFFERSON, DETROIT 16, MICH. 
Phone TAshmoo 5-3226 
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HOW TO SATISFY A CUSTOMER — 


Package your products in Lermer Plastic dur- 
able, handsome containers. They are shatterproof, 
75% lighter than glass, available clear or opaque 
in many colors, can be printed or decorated and 
are available with metal or plastic closures. Write 
for complete catalog information and samples. 
If possible, send along products for particular 


suggestions. 


LERMER PLASTICS, INC. carwooa, w. 5 


REPRESENTATIVES IN THESE CITIES: Rochester, Memphis, Miami, 
Cincinnati, Columbus, Cleveland, Chicago, Detroit. Minneapolis, 
San Francisco, Los Angeles, Toronto, Philadelphia. 





PIONEERS AND SPECIALISTS IN PLASTIC CONTAINERS 
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SPEED TYING Ty 
OPERATIONS with 


“%WIRE-TIES/ 
 ~ } ®S. 








'/ NO KNOTS 
/ TO TIE! 


Cut your tying time in 
half! Wire-Ties are the 


fast, sure way to bundle 






Wire-Tie 
Dispenser! = 


wires, cords, coils, etc 


Nothing to tie. Just wrap 





Sove! Stock only spools em around and twist. For 
of Wire-Ties! ‘‘Pay- temporary or semi-permanent 
ff, manua pal holding. Available in ¢ 


gle-motion ' dispen- 
ser, automatically 
measures and 
cuts off any pre- 


lengths 1” to 20” and on spools 
— plain colors or printed. Prices 
from 55c per thousand. WRITI 


set length 2 FOR SAMPLES and TRY ’EM 
to 22’ with YOURSELF. H.F.Hanscom&Co., Inc 
single pull! 12 Virginia Ave., Prov. 5, R. 1.,°U. S.A 


Only $59.50 
complete. 
Write for 


Hansiom ° 
folder. < Le QMWISCOMl? 


WIRE “TIES 
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Top view of Wire-Tie 
ts Shown. Bottom is fot. 
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used in its Printed Circuits 


\ leader in the manufacture of digital computing systems, 
Remington Rand Univac utilizes the latest manufacturing 
techniques because computing systems require printed 
circuit boards completely free of defects. 

In examining copper-clad laminated boards made with 
Revere rolled copper Remington Rand Univac said, “We 
found even the finest lines were freer from pits, pinholes 
and other imperfections. In addition, there were no detect- 
able lead inclusions. Also, the rolled copper thickness is 
uniform. We get what we specify.” 

Designed and developed by Remington Rand Univac, 


digital computers use hundreds of printed circuits. Each 


one must operate according to specifications at all times. 
There can be no sacrifice of conductivity. Because of more 
uniform etching qualities Revere Rolled Copper is capable 
of producing better edge definition, allowing closer spacing 
of lines. A uniform solder coat under normal or automatic 
soldering operations is possible because the copper is free 
from surface defects. Fluxes wet readily because of this 
clean surface. These factors combine to make Revere Rolled 
Copper the ideal medium for these printed circuit boards. 

And they are the very reasons why you should insist that 
Revere Rolled Copper be specified by you when ordering 
blanks from your laminator. 


It is available in unlimited quantities in standard coils of 


350 Ibs. in widths up to 38” and in .0014, .0028, and .0042 


gauges, weighing approximately 1 o0z., 2 oz. and 3 oz. per 
square foot; or heavier if required. Many users have found 
that because of its unique characteristics 1 oz. Revere 
Rolled Copper can be used instead of the 2 oz. required 
when other kinds of copper are used, thus effecting still 
Revere Rolled Copper 
exceeds requirements of standard specifications and meets 
ASTM B35 specifications for purity with 99.9% minimum. 

Consult your laminator regarding the use of Revere 


greater savings in material cost. 


Rolled Copper for your printed circuits, or contact the 
Revere Representative nearest vou through the yellow pages 
of your local telephone directory. 

Revere does no laminating of printed circuit boards, 
making only rolled copper. Revere Rolled Copper can 
also be furnished rolled down to .0006 for coil wind- 
ing applications. *Reg. U.S. Pat. Office 


UNIVAC FILE COMPUTER 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 


230 Park Avenue, New York 17, N. Y. 





Mills: Rome, N. Y , Baltimore, Md.; Chicago, Clinton and Joliet, Ill.; Detroit, Mich.; 
i Los Angeles and Riverside, Calif.; New Bedford, Mass.; Brooklyn, N. Y.; Newport, Ark.; 
Ft, Calhoun, Neb. Sales Offices in Principal Cities, Distributors Everywhere. 
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on your precision ball and 
special bearing requirements 


increasingly higher temperatures, more severe | 


corrosive conditions and unusual wear problems. 
Many difficult bearing problems are solved 


by Hartford engineers. 


For example, through unitization of parts, 
miniaturization and reduction in tolerance build-up 
is achieved with VERSA-TWIN, a double-row 

ball bearing in which parts of the end 

product form the inner and outer races. 

This bearing can be custom designed to 

your specific requirement. 


Hartford also makes a complete line of thrust 
retainers, angular contact and wheel bearings. 
™ Technical literature is available on all lines. 






Fforcd 


BALLS @ BEARINGS 


Har’ford Steel Ball Co., Inc., 19 Jefferson Ave., West Hartford, Conn. 
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Liason and Consulting Engi- 
neering at General Electric's 
Advanced Electronic Center 
in Ithaca, N. Y. 


























THE HEART OF THE MATTER 


The Combined Environment: 

A Challenge to Design Resourcefulness 

Research and development efforts are increasingly chal- 
lenged by the inability of electromechanical devices to cope 
with environmental extremes and by severe degradations in 
the performance of complex function when exposed to severe 
conditions. Wherever the problems have been perplexing 
in the past, the engineer has somehow pressed on. Today, 
he must remain confident that impediments will again yield 
to resourceful attack despite the sobering realization that 
important barriers have been approached and that he may 
be forced to operate within bounds set by apparently unex- 
tendable limits and inalterable physical laws. 

Designers of electromechanical components and systems 
must hereafter meet the threat posed by hazardous physical 
factors and effects acting in combination. While anyone of 
these factors or effects, alone, might seriously damage a 
device or degrade its performance, their combined action 
may well rule out the possibilities of using many advanced 
components, existing or anticipated. The heart of the mat- 
ter is that a sophisticated definition and appraisal of the 
challenge is essential. 


MILITARY FLIGHT VEHICLES 


Concern about the combined environment stems from the 
postulation of military flight vehicles capable of hitherto un- 
attainable speeds. Very high levels of propulsive power 
must be developed to achieve those speeds. Effects asso- 
ciated with related energy conversions and transfers, super- 
sonic airflow around the vehicles and the dynamic properties 
of the aircraft, will introduce something new and different 
in the line of physical environments. Other troublesome 
effects are bound to arise from strength limitations imposed 
on vehicle structures, by a need for weight conservation, 
and local disturbances resulting from hostile measures that 
may be directed against the vehicles in order to destroy 
them or defensive actions intended to increase weapon 
system survival probabilities. 

The purpose at hand is to discuss briefly, and within lim- 
its set by military security, the deleterious extremes of tem- 
perature, pressure, radioactivity, acoustical noise, vibration, 
shock and certain chemical changes, as functions of both 
natural and induced circumstances, that may prevail during 
high speed flight of military vehicles. The objective is to 
focus attention on critical problem areas and stimulate in- 
terest in the development of electromechanical components 
and systems able to meet the pressing need. 

ANTICIPATED ENVIRONMENTAL EXTREMES 

Hazardous environmental extremes will occur simulta- 
neously and prevail during the most critical intervals of the 
vehicles’ missions. Values may vary considerably during 


ELECTROMECHANICAL DESIGN 












cas 


sys 
po: 
bre 
ing 
me 
by 


its 
ele 


vib 
mo 
an 


me 
“SI! 
45, 
anc 





SEPT! 





shal- 
cope 
1S in 
vere 
xing 
day, 
vield 
that 
may 
inex- 


tems 
‘sical 
1e of 
ge a 
ction 
nced 
mat- 
the 


n the 
Oo un- 
ower 
asso- 
uper- 
erties 
erent 
some 
yosed 
ation, 
; that 
sstroy 
-apon 


1 lim- 
tem- 
ation, 
both 
uring 
is to 
te in- 
ments 


nulta- 
of the 
luring 


ESIGN 
































































can Vi BRATION 
MEASUREMENTS 


Heip You 7? 


Vibrations cause discomfort and fatigue and, in extreme 
cases, can bring about actual failure of structural materials. 
Conversely, they are helpful too, making possible vibrating 
systems such as the electro-dynamic shaker for testing com- : “ak 
ponents and equipment. Whether wanted or unwanted, vi- 4 
brations must be measured to obtain a thorough understand- thie cate ‘ 
ing of their characteristics and potentialities. Such measure- . Vibtaten Mises 
ments are accomplished accurately and with ease and rapidity i $510 
by the G-R Vibration Meter and Vibration Analyzer. 

The Vibration Meter measures motion directly in terms of 
its displacement, velocity, and acceleration. The piezo- 
electric type of pickup used permits a frequency range of 2 to , 
1000 cps (120 to 60,000 rpm), covering the spectrum in which Type 762-8 © 
vibrations are most often encountered. The instrument is Eo 
mounted in a portable case, operates from an internal battery, $585 
and is simple and easy to use. 

The Vibration Analyzer is a continuous spectrum instru- —*#ine encine measumemens Sade GhemnaNe Giients, WEthcs donPomaTIN 
ment, invaluable for determining the contribution made by specific frequencies to the over-all disturbance. *“‘Broad” and 
“Sharp” bandwidths are provided for either scanning or for detailed measurements over the range from 2.5 to 750 cps (150 to 
45,000 rpm). The complete analysis made possible by this instrument provides the clues to the sources of the various components 
and gives information necessary for the suppression of the vibration. 

e hi , ships, an 
oe THEY Helped Here! — © nee tnos arucures ar necessary 1 chock deaign eal 
culations. 


k& Excessive building vibrations produced by engine and 
heavy-machinery operations on upper floors have been re- 
duced as a direct result of investigations conducted with 


k The Vibration Meter is widely used for evaluating the effec- 
tiveness of shock and vibration mounts and cushioning for 
high-speed automatic machinery. 


we A tire manufacturer uses this measuring equipment to de- the G-R Vibration Meter and Analyzer. 
termine accurately the amount of vibration absorbed by : : ; 
auto tires. & Rotational vibrations of electrical machines and generators 


can be determined with the aid of two vibration pickups 


#& §@Resonant vibrations in large engine foundations have been and a simple summing circuit which feeds the Vibration 
analyzed with success. The frequency spectrum of the dis- Meter. 
turbance gives a most helpful indication of the offending ; 
gear, pinion, or other part. f Write for Complete Specifications 

& Field measurements on marine and stationary engine in- “WOR 


Stallations are extremely valuable safety measures; they 
help predict troubles brought about by excessive torsional 
vibrations. 


&° Ball bearing manufacturers rely on vibration measure- 
ments to test the finished product as it comes off the pro- 
duction lines. 

© Noise levels of several popular fans and air circulators have 
been reduced to acceptable levels through vibration study. 


GENERAL RADIO Company 


Many of the applications briefly described above are dis- 
cussed in detail in the G-R Handbook of Noise and Vibra- 
tion Measurement. This comprehensive publication of well 
over 160 pages thoroughly covers the subjects of noise and 
vibration measurements; it describes standard measuring 
equipment and techniques, and gives definitions and procedures 
for interpreting results. The booklet is available from the 
General Radio Company at a cost of $1.00 to cover printing and 
mailing charges only. 
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1150 York Road, Abington, Pa. PHILADELPHIA 
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In Your 
Hands... 





Approved by Canadian 
Standards Association 


Using New-Type Taylor Wiring Ducts 


So easy to use—you just lay your wires in the duct, put them through 
holes to terminals, then snap on the cover— FAST and EASY. No 
wasting time with cover screws, hinges or mounting brackets. 

And you get many advantages through this new, better way to 
wire electric and electronic control panels. Speeds up production; 
eliminates costly time-consuming lacing, flat wiring or bundling. A 
cinch to maintain! 

Taylor Wiring Ducts are non-combustible, warp-resistant, acid- 
resistant, light in weight yet durable and rigid. You can cut them 
with a saw, tinsnips—even a jackknife! 
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A WIDER RANGE OF STANDARD SIZES 
THAN ANY OTHER DUCT 


Round-Hole Type—from 3%” up to 4” Wx 3” H 
Slotted Type—from 1” x 1” up to 4° W x 3” H 


Write for sample, literature, and prices 


TAYLOR ELECTRIC, INC. 


15048 Dale Ave., Detroit 23, Mich. 


“4 KEnwood 5-2500 | 
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those periods due to certain transient factors, but it is a 
foregone conclusion that the peak values will be most 
troublesome and persist over sufficient time to constitute a 
major threat to equipment performance. Expected rates of 
change of these environmental factors cannot be disclosed 
here, but extreme values may be indicated as follows: 

>The maximum temperature that will occur in any uncon- 
ditioned space within the vehicles may be equal to the stag- 
nation temperature of the relative freestream air. Condi- 
tioned space temperatures will be variable, with difficulty, 
between the atmospheric temperature at the flight altitude 
and the stagnation temperature of the freestream air. Equip- 
ment penetrating the skin of a vehicle, or somehow exposed 
to boundary layer air, may risk being heated to the stagna- 
tion temperature of the freestream air. 

> Unless the space were to be inhabited, the prevailing pres- 
sure probably will be equal to the atmospheric pressure at 
the flight altitude. For all practical purposes, most electro- 
mechanical equipment must be designed to operate within 
the pressure range from 0 to 15 psia. The pressure of in- 
habited compartments will rarely fall below 10 psia. 
Nuclear radiation flux levels, and spatial distributions 
thereof, relating to postulated nuclear propelled vehicles 
are known, but classified. Despite this knowledge, estimates 
of radiation that equipment may absorb during a mission 
vary enormously. On the whole, nuclear flux levels will be 
relatively low, in fact, so low, it seems necessary to indicate 
that most nuclear radiation tests of equipment, upon which 
a great deal of information has already accumulated, are be- 
ing conducted at unrealistically high-dosage levels. 

> Radiation flux levels in chemically propelled aircraft car- 
rying nuclear weapons will be negligible except during 
periods of nearby weapon burst. If the vehicle escapes 
destruction by violent aerodynamic disturbances attending a 
nearby burst, the nuclear irradiation of equipment may be 
negligible, but the flux still might be sufficiently intense to 
constitute a lethal dose to unshielded personnel. 

Intense acoustical noise will be a serious source of trouble 
and result from the high rates of energy exchange in the 
engines and supersonic airflow over the external surfaces of 
the vehicles. Noise levels at combat power are expected to 
range between 120 to 190 db, based upon the A.S.A. Stand- 
ard Reference of 10-16 watts per square centimeter. Noise 
levels will be highest at engine discharge nozzles. An over- 
all noise gradient exceeding 60 db may exist between the 
forward internal compartments of the airframe and the en- 
gines’ exhaust gas exits. Acoustical frequencies probably will 
range between 30 and 10,000 cycles per second. 

> Aerodynamic disturbances in the slipstream, flutter of air- 
frame structures, buffeting of the aircraft, engine vibration, 
and thermal draft in the path of the vehicles will lead to 
troublesome mechanical vibrations. Frequencies ranging 
from 0 to 2000 cps should be expected. Rapid accelerations 
between 5 g and 10 g probably will attend these vibrations. 
Because the vehicles may be stressed to survive shock loads 
due to singular accelerations in excess of 50 g, electrome- 
chanical devices to be installed therein must be designed to 
resist the associated strains. The shock loads may endure 
for periods of 10 milliseconds and produce structural defor- 
mations in equipment supports up to 0.10 inch. 

>The roll, pitch, and yaw capabilities of supersonic aircraft 


ELECTROMECHANICAL DESIGN 























SEPT 


















































is a 
most 
ute a 
es of 
losed 


ncon- 
stag- 
ondi- 
culty, 
itude 
quip- 
sosed 
agna- 


pres- 
ire at 
ectro- 
vithin 
of in- 


itions 
hicles 
mates 
ission 
ill be 
dicate 
which 
re be- 


t car- 
luring 
scapes 
ding a 
ay be 
nse to 


rouble 
in the 
ces of 
ted to 
Stand- 
Noise 
| over- 
on the 
he en- 
ly will 


of air- 
ration, 
ead to 
anging 
rations 
ations. 
< loads 
trome- 
ned to 
endure 


defor- 
uircraft 


DESIGN 












“Saeesue = 


SEPTEMBER-OCTOBER 1957 





Another cost-saving application 


Quality is a must for trouble free operation, con- 
tinued customer satisfaction. And quality depends 
upon the excellence of every part, every component. 
For many years Whirlpool-Seeger has used OILITE 
center post bearings, agitator shaft bearings, water 
pump bearings and pulley bearings in their auto- 
matic washers. Whirlpool-Seeger uses these and 
other OILITE parts for very good reasons. 

First of all, tthe manufacturer knows OILITE 
heavy-duty bronze bearings will meet specifications. 
Chrysler-Amplex precision production assures him 
OILITE bearings capable of carrying their loads 
safely, surely and quietly. 

Then too, Chrysler-Amplex plant and facilities— 


Representatives and dealers located in principal cities in United States and Canada. 


Only Chrysler Makes OILITE 


Bearings e Finished Machine Parts e Permanent Metal Filters e Friction Units handy, easy-to-use booklet. Write for your copy today. 


Ferrous and Non-Ferrous Metals 
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AMPLEX DIVISION 


CHRYSLER CORPORATION @ DETROIT 31, MICHIGAN 





IN AN AUTOMATIC 
WASHER HELPS BUILD 
CUSTOMER SATISFACTION 
“YET COSTS NO MORE 


=e 





OILITE bronze agitator shaft bearing 
OILITE bronze upper center post bearing 





OILITE: bronze rubber-mounted lower 
bearin 


center post ng 
_ OILITE bronze thrust oe (2) 
OILITE bronze pulley beari 


i, Oe 


OILITE bronze thrust bearing 
OILITE bronze water pump bearing - 





of Amplex Powder Metallurgy 


largest and most complete of any in the metal 
powder fabrication industry—promises on-time 
deliveries in any quantity. 

Moreover, in using OILITE bearings the manu- 
facturer selects a product his customers know and 
respect for superior engineering. 

Finally, this manufacturer, like a great many 
others, finds OILITE bearings—despite all their 
advantages—cost no more. 

Chrysler-Amplex representatives and dealers are 
located in principal cities in United States and 
Canada. Let the nearby representative help you. 
Find him in the yellow section of your telephone 
directory under—‘‘Bearings—OILITE.”’ 





S-56 ;Standard OILITE Bronze Bearing Stock List. 
All standard sizes—over 1000 sleeve, flange and thrust 
bearings, cored, bar and plate stock—are listed in this 


Address: Dept. 9M. Chrysler-Amplex Division, P.O 
Box 2718, Detroit 31, Michigan. 





TYPE EA 
best suited for controlling designed for surface moun- 
temperatures in air streams. ting. 


@ high ratings with minimum size 
@ preset, snap action, non-adjustable . . . for operating 
temperatures up to 350 F. 
@ available with blade or screw terminals. 
resistive load — 6000 Watts at 240 Volts A.C., 
3000 Watts at 120 Volts A.C. 


TYPE A—non-adjustable 


@ slow make or break contacts f TYPE A— adjustable 
@ for operating temperatures up to 550° F. 


resistive load — 1650 Watts at 120 Voits A.C. 


TYPE HL 
@ single pole, single throw or 
double pole, single throw. 
@ manual or automatic reset. 
@ preset, snap action, non- 
, adjustable . . . for operating 
- temperatures up to 300° F. 


resistive load— 40 Amperes at 115 Volts A.C., 
25 Amperes at 230 Volts A.C. 


| Re js} ESS Ca Sro38 xe psc! Eaeuk 


TYPE BAE TYPE AF a 
@ single pole, double throw. @ fan motor control 
@ preset, snap action, non- @ snap action, adjustable... 
adjustable . . . for op- for operating temperatures 
erating temperatures up up to 300 F. 
to 350° F. 
resistive load 
— (across contacts 1 and 3) 
6000 Watts at 240 Volts 
A.C., (across contacts 1 and 
2) 125 Volt Amperes at 
120/240 Volts A.C. 


detailed information upon request — minimum production order 
quantity accepted — 25 


fan motor load 
— 2 hp. at 120/240 Volts 
Ax. 








BE EEW | Cc om ~7 


ae: 
aw 
THERM-O-DISC, INCORPORATED mansfield, ohio 
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will be modest in comparison with those of subsonic types. 
A rule of thumb that applies here is that as their speeds 
rise, the dynamic responses of aircraft to controls decrease. 
Thus, if equipment slew rates can match those of subsonic 
vehicles, the slewing capabilities of equipment will suffice 
in the supersonic types. However, since the roll, pitch, and 
yaw capabilities of supersonic aircraft are typically low, 
serious problems in automatic guidance of aircraft are intro- 
duced because as the dynamic responses of aircraft decrease, 
it becomes increasingly difficult to effect stable guidance. 
The reason for this trouble is that the noise level in guidance 
equipment remains practically constant. Even ball-park 
numbers for safe roll, pitch, and yaw of supersonic aircraft 
are classified. Reliable transfer functions pertaining to high- 
speed supersonic vehicles will not be available in the fore- 
seeable future. Linear accelerations of supersonic aircraft 
will be extraordinary, much greater than those of any exist- 
ing aircraft; even speculation of the values is classified. 
Structural deformation of supersonic aircraft also may be 
severe in the presence of thermal transients in the atmos- 
phere, buffeting, and inertial effects relating to the flying 
qualities of the vehicles. Electromechanical equipment at- 
tached to the airframes will share in much of this deforma- 
tion. As a result, the angular accuracy of detection equip- 
ment and instrumentation, located on structures remote 
from the vehicles’ centers of mass, may suffer unless special 
precautions are taken to cope with effects of this flexing. 
>The pressure, temperature, and humidity of atmospheric 
air swept by the vehicles will vary considerably as a func- 
tion of the flight and weather conditions occurring during 
the missions. Even during flight at intended constant alti- 
tude and airspeed, ambient conditions may vary consider- 
ably as a result of thermal transients and the relatively 
large masses of complete weapon systems. Severe fluctua- 
tions in engine power output must be expected due to varia- 
tions in the mass flow of air passing through the engines. 
These variations will result from changes of atmospheric 
density in the path of the vehicles. Under certain circum- 
stances, the power fluctuations may be 25 percent of the 
power required from the engines at the desired flight con- 
ditions. The resultant transients may lead to no end of 
difficulty with the performance of subsystem equipment. 
One of the factors that could increase a supersonic air- 
craft’s vulnerability to destruction and simultaneously de- 
grade the performance of its electromechanical subsystem 
equipment is the heated wake that may trail for many miles 
behind the vehicle. Although this trail might be strikingly 
visible to remote infrared and radar detectors, it may be 
opaque to the aircraft’s own surveillance equipment. Thus, 
while a supersonic aircraft could readily be observed at the 
head of its exhaust trail, it may be unable to detect threats 
obscured by its own wake. The environmental factors that 
may affect the detectability of an aircraft and the trans- 
parence of its wake to its own surveillance equipment are: 
the thermal structure of the wake; size and length of the 
wake; chemical composition of wake gases; energy content 
of the wake; ambient air conditions; boundary layer air 
temperatures; emissivity of the aircraft skin; thermal radia- 
tion from hot spots; and other electromagnetic radiation. 
Next issue’s column will cover data requirements and 
recommend design approaches to these problems. 
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DuMont’s problem was space 





Compactness was the prime requirement for the DuMont 
— Telecruiser — a mobile unit which had to duplicate actual studio 
operating conditions in every respect. 
It was absolutely necessary to confine the servicing 
operations of various units to a limited area. Consultation with 
Grant representatives resulted in the selection of the proper 
(Electronic Equipment) Slides for the DuMont Telecruiser. 
Do you have a servicing and maintenance problem? 
Grant Research and Development facilities are at your 
service. Let us assist you in the choice and application of Grant 
Slides to your equipment. Engineering liaison is available from 
the planning stage through the production processes. 


Picture distribution amplifier unit as well as syn. G RA NT i & D U STR { A L S LI iy) FE S 
chronizing generator and pow 


power supply units are 

mounted on Grant Industrial Slides. Units are nor- f . : : 

mally retracted but roll out for servicing a product o} the engineering design department of 
uae Grant Pulley and Hardware Company 


73 High Street, West Nyack. New York 
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Engineers and Fabricators of Steel in Any Form for Any Purpose 




























Gas Turbine Components are also produced in welded steel. 
The turbine cylinder housing for a Westinghouse Industrial 
Gas Turbine, shown above, and the parts and assemblies 
illustrated at the left, will give you a comprehensive picture 
of Mahon capabilities and facilities . . . assets which enable 
the Mahon Company to produce virtually any heavy part 
or assembly in welded steel at lower cost. This is particularly 
true in short run production programs where the manifold 
advantages and economies of weldments are most fully 
realized. If you require parts or assemblies for processing 
machinery, machine tools, or any other type of heavy 
mechanical equipment, you can call on Mahon with complete 
confidence. You will find in the Mahon organization a unique 





source for welded steel in any form... a source with long 
experience and complete facilities for design engineering, 
fabricating, machining and assembling . . . a source where 


design skill and advanced fabricating techniques are supple- 
mented by craftsmanship which assures you a finer appearing 
product embodying every advantage of Steel-Weld Fabri- 
cation. See Sweet's Product Design File for information, or 
have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34; Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 
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LET ELECTRO BRAINSTORM YOUR PRODUCTION PUZZLES — DEVELOP 
AN ECONOMICAL SOLUTION TO YOUR SUB-CONTRACTED ELECTRICAL OR 
ELECTROMECHANICAL ASSEMBLIES. TAKE THIS SLIP RING, FOR 
INSTANCE: 2000 SEPARATE PARTS PRODUCTIONEERED, 
FABRICATED, ASSEMBLED, TESTED— PLUS STEADILY DECREASING COSTS 
OVER A FOUR-YEAR CONTRACT. A NEW SUBCONTRACTING 





PHILOSOPHY YOU'LL WANT TO KNOW MORE ABOUT. 
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NEW TECHNIQUES | 





PRINTED WIRING DESIGN 


New Photographic Technique 
Designing for printed wiring is very 
different from designing for convention- 
al wiring. Mechanical convenience and 
symmetry, the primary considerations 
in conventional designs, are secondary 
in printed circuits. Positioning com- 
ponents to provide the simplest wiring 
patterns is the major criterion. 

Rigid formulas for layout of printed 
circuits are impractical because of the 
many variables Designers 
generally use cut-and-try techniques. 
Nevertheless, procedures for guiding 


involved. 


designers to obtain good designs in a 
minimum number of trials are practical. 
Westinghouse Electric 
Corporation have developed such pro- 
cedures with photo- 
graphic drafting techniques which they 
have been using successfully through- 
out their divisions. 

These and other procedures and 
techniques will be demonstrated this 
Fall by Westinghouse 
seminars on functional drafting ar- 
ranged by the Industrial Education 
Institute of Boston. The schedule of 
seminars arranged by the IEI and a 
discussion of subjects to be 
covered are given in another section 
of this issue. 


Engineers at 


together new 


engineers in 


some 


Here are some of the procedures for 
designing printed wiring and for draft- 
ing circuit diagrams photographically, 
abstracted from the seminar lecture 
notes of Mr. R. F. Barrell of Westing- 
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Fig. 1—Illustrative schematic diagram. 


house. As Mr. Barrell says. since the 
thought patterns of individuals differ, 
these procedures need not be followed 
rigidly, the steps can be modified to 
fit the individual. 


ANALYZING THE WIRING DIAGRAM 
Inspect the schematic diagram of the 
circuit to be printed to find those 
groups of components that appear to be 
associated with one another. 

Using the schematic in Fig. 1 as a 
guide, make a freehand point-to-point 
wiring diagram as illustrated in Fig. 2. 
At this stage, disregard the filament 
leads and the size or shape of the 
finished circuit. Starting at any point 


in the schematic, arrange the wiring 
so that there is a minimum 


number 


Fig. 2—Rough point-to-point wiring 


of crossed leads. The rough point-to- 

point wiring diagram will go through 

many modifications and may need to 
be completely redrawn several times. 

Freehand all drafts, of course. The 

point-to-point wiring diagram in Fig. 2 

has been reduced to the minimum num- 

ber of crossed leads. 
In analyzing the wiring diagram 
certain principles can be applied. 

e Since the wiring is on the rear of 
the panel and the components are 
mounted on the front, often the com- 
ponents may be used as devices for 

Figure 3 shows 

how a pig-tail resistor can be located 

so that the lead crosses on the side 


crossing circuits. 


opposite the wiring. 


e Transformers are excellent means 





diagram. 
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for crossing leads. 

e Because of the fixed and confining 
span between rectifier 
terminals, use of these components 
for crossing leads should be kept to 
a minimum. 

e In spite of the best attempts at limit- 
ing crossed circuits, instances where 
crosses cannot be spanned by com- 
ponents will occur. In _ these in- 


selenium 


stances use circuit jumpers. In some 
cases you can obtain simpler and 
more compact designs using jump- 
ers. Use jumpers rather than go to 
extremes to eliminate them. 


POSITIONING THE COMPONENTS 
Notice in Fig. 2 that tube 5 is all by it- 
self with only the grid lead intercon- 
nected with the rest of the circuit. This 
observation suggests that tube 5 can 
probably be located any place in the 
pattern. 





Fig. 3—Pig-tail components, when 
properly arranged, can be used to 
cross circuits. 


Notice also that the group of compo- 
nents consisting of 2, 3, 5, 6, 7, 8, and 
9 REC and 3, 6, and 7R are closely 
related to tubes 2, 3, 4, 6, which sug- 
gest that these tubes be arranged to 
surround the group of components; that 
tube 4 is closely related to the com- 
ponents in tube 5 circuit; and that 
tubes 1 and 6 are related through re- 
sistor 7R. Using such facts draw a dia- 
gram positioning the tubes according 
to close relationship as illustrated in 
Fig. 4. 
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Fig. 4—Relative tube position diagram. 


You can now consider how the fila- 
ment leads should run. 

In the tube diagram connect the 
tubes having a common filament sup- 
ply as illustrated by the dotted lines in 
Fig. 4. When the filament lines are add- 
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“MULTI-PURPOSE” OVEN 





BULOWA 





FAMED FOR PRECISION SINCE 1875 











NEW AM-100 


























Now-Bulova pioneers an entirely new, ultra-simplified means 
of temperature compensation...the “multi-purpose” AM-100 oven. 


The AM-100 is designed to yield exacting temperature control 
of more than just crystals. Now entire circuits, components 
and/or complete sub-assemblies can be housed in one, low cost 
unit...the highly stable AM-100. 


By eliminating costlier, less dependable, heavier and more 
complex temperature compensating factors, hundreds of design 
hours can be saved...circuits can be simplified and more 
dependable, and have a far wider operating range. 

THE AM-100 FEATURES: Rugged lightweight construction 
(less than 7% 0z.); | Long life expectancy due to triple insulation 
on heater winding; High stability + .1°C.; Standard octal 
plug-in (stud mounting available) ; The unit draws 20 watts on 
initial warm-up, with average dissipation of less than 5 watts 
after warm-up; ;Meets vibration tests per MIL-E-5272; 
Overall 3” diameter x 5" high — cylindrical cavity 134” 

diameter x 254” high. 

A complete line of precision Bulova ovens are available 

in quantity, with custom designed units available on request. 


BuLova 


watch company 


© 


Electronics Division 
Woodside 77, N.Y. 


Write Dept. A-765 
; Full Information 
Fi and Prices on Ovens 
bd 
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Photograph shows coil-winding operation with Dennison Crepe Paper Tape 
at Ford Motor Company, Accessory Division, Ypsilanti, Michigan. 


Dennison Crepe Paper Tape 
helps cut insulating costs 
for the Ford Motor Company 


... it can do the same for you! * 
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Use Dennison stretch-to-shape 
Tape for better insulation with 
snugger fit and fewer grounds — at 
amuch lower cost. Available in 
a wide variety of stretches and 
widths, including popular 3” size. 


What’s more — Dennison Crepe 
Paper Tape offers you these other 
money-saving advantages: 


1. You get at least a 40% material 
saving over cotton to insulate 
field coils of fractional horsepower 
motors or low-voltage generators. 


2. You may be able to eliminate 
varnishing and baking because this 


*Try it at our expense! Simply mail 
the coupon and we'll send you 
enotgh Dennison Crepe Tape for 


comprehensive tests. 


Dennison 


FOR MORE INFORMATION 


tape is made from high-density 
kraft with a dielectric rating of 
1250-1500 volts. If you must var- 
nish and bake, you’ll gain an even 
higher dielectric rating. 


3. You get fewer grounds from 
voids. Dennison Crepe Paper Tape 
is creped to a variety of stretches. 
It is calendered to reduce overall 
caliper and assure smooth auto- 
matic feeding. It gives a closer, 
tighter fit than less conformable 
materials. A tensile strength of 54 
lbs. on a 1” strip solves the prob- 
lem of winding under tension on 
standard equipment. 


' 

Dennison Manufacturing Company : 
310 Howard Street, Framingham, Mass. : 
Gentlemen: Please send free sample roll of Dennison 4 
Industrial Crepe Paper Tape. : 
55XHC dielectric tape — Regular — 50% stretch - 
¥_" width ¥%" width : 

55XHCW dielectric tape—Wax Oil Impregnated —50% stretch - 
¥%" width ) 4%" width - 

' 
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ed, the tube configuration may have to 
be modified slightly to obtain the opti- 
mum circuit pattern. 


LAYING OUT THE CIRCUIT PATTERN 
After the tube relationships (Fig. 4) 
have been established, you are ready to 
lay out the circuit pattern. Select any 
scale and cut a sheet of velum or film 
the approximate 
of length to width 
mechanical reasons. Redraw the point- 
wiring diagram locating 
the tubes in the chosen relative posi- 


proportions 
for 


having 
preferred 


to point 


tions. Experience has shown that tubes 
should be located on the outside of 
the tubes next to the edge of the panel 
avoiding filament lead interference. 

Location of tube sockets at the edge 
is recommended because the strain on 
the circuit as tubes are removed and 
replaced will be minimized there, since 
printed circuits are generally supported 
by structural members at the edges. 

Having established the component 
layout, redraw the point-to-point cir- 
cuit diagram to obtain a rough circuit 
pattern as illustrated in Fig. 5. 
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Fig. 5—Point-to-point wiring diagram 
with components relatively positioned. 

With this rough pattern you can now 
make a mechanical layout of the com- 
ponents to scale. Westinghouse uses 
photographic drafting techniques for 
this purpose. The principal instruments 
of this technique 
transparent film tracings 
showing the outline dimensions and 


are symbolettes— 


copies of 


drilling dimensions of the components. 
A mechanical layout made by this 
technique is called a symbolette layout. 


MAKING THE SYMBOLETTE LAYOUT 
Place a sheet of matte-finish vinyl film 
over the rough circuit pattern (Fig. 5). 
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(Fig. 5). 
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Position symbolettes of the components 
according to the arrangement of the 
pattern and stick them down by double 
coated cellulose adhesive tape. Pig-tail 
components should not be positioned 
diagonally with respect to the axes of 


; 7 087) }— : pS 


TL @me FR | ke 
a (om €o% | = re 
| . ‘ z = re 4 
q A) , a’ . ws) 
‘ : T a ; + 
var) Fac} 
ad . 
we “1 
i raion | *\7e01s 
( ) — = 
7 . nay aeeaememaned ec ) 
1| Kc ° = = 
J (eo 4 ~ Ax 
» a al > om ul 
rs sy 
: th del deh coh con 
4 } , } As 7 


Fig. 6—Symbolette layout. 


the panel (see symbolette layout Fig. 
6). The layout is now ready for prepa- 
ration of the printed circuit original. 


PREPARING THE PRINTED 
CIRCUIT ORIGINAL 
Label each component on the symbol- 
ette layout according to the symbol on 
the schematic diagram. 

Place a sheet film over the sym- 
bolette layout and draw the circuit in 
with pencil as illustrated in Fig. 7. 














Fig. 7—Printed circuit pattern. 


Mark each lead with the schematic 
lead number so that the circuit can be 
checked against the schematic diagram. 
The circuit pattern is now ready for 
making the black and white original 
by procedures that are fairly standard. 


PHOTOGRAPHIC DRAFTING 
Symbolettes, useful in printed wiring 
lesign, can also be used in making 


circuit drawings, drilling templates and 


yanel drawings as shown on page 78. 
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FOR 

DATA 
PROCESSING 
COMPONENTS 


AND SYSTEMS 


SPECIFY 
POTTER 


Potter instruments and systems 
are unexcelled in reliability, 
accuracy and flexibility. 

The equipment shown is typical 
of many more available as 
individual components or in 
integrated systems to meet 
specific requirements. 


Write for brochure describing 
these and other Potter units, 
including special products. 

For detailed technical 
specifications on any of the 

Potter Products listed above, 
contact your Potter Representative 
or the factory. 


a 4tch POTTER INSTRUMENT COMPANY, INC. 


ww 


115 Cutter Mill Road 


DATA-HANDLING EQUIPMENT 


Digital Magnetic 
Tape Handlers 





Perforated 
Tape Readers 








Record- 
Playback 
Head 
Assemblies 


Aieih im; 


ar: 
Se 
Record-Playback Amplifiers 


PRESET INTERVAL GENERATORS 





Preset Interval and Delay Generators 


HIGH SPEED ACCESS REGISTERS 


ee 


Ten-Bit Parallel 
Output (Serial Input) Using Magnistors 





Ten-Bit Serial Output 
(Parallel Input) Using Magnistors 





Six-Bit Digital 
Comparator Using Magnistors 





Great Neck, L.1.,N Y 
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MAKING THE DRILLING TEMPLATE 





1. PULLING SYMBOLETTES. Any number 
of film symbolettes for each compon- 
ent or repetitive part can be printed 
from a tracing in an ordinary diazo 
machine. Symbolettes can then be filed 
in the drafting department. 





Tem- 


4. DEVELOPING THE TEMPLATE. 





USING SYMBOLETTES. 


i 
>. 
9 


TEMPLATE IS ARRANGED. Layout 
Sheet” is placed over a precision alum- 
inum grid. Film symbolettes are then 
arranged and held with cellophare tape. 
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5. FINAL TOUCHES. Special information 





3. PRINTING THE TEMPLATE. Template 
layout is placed on a flat box vacuum 
printer. Template can be printed on 
card stock paper or aluminum. Print- 
ing is done flat to maintain dimension- 
al stability. 





6. FINISHED TEMPLATE. Finished tem- 





plate is developed at the printing lo- can be recorded on the template using plate can now be forwarded to the 
cation. All materials used have day- india ink. machining section where it will be 
light emulsions. used to locate component mounting 
holes. Templates eliminate costly lay- 
out operations and human errors. 
MAKING THE PANEL DRAWING USING SYMBOLETTES. 





3 ghee % 


1. Electrical symbolettes are provided 
for all components. These are printed 
on diazo film similar to film for tem- 
plates and photo assembly drawings. 
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are arranged by dia- 
gram draftsmar: and forwarded to pho- 
to department where tracing is made. 


2. Symbolettes 





3. Stripped-up original is printed back 
on to a diazo drawing form. Wiring 
legend is then completed. 


ELECTROMECHANICAL DESIGN 











RAY 


SEPTED 


new...from Raytheon TEST 
Now the most complete quality line 
in the industry... 
All your test jack needs from one reliable source—Raytheon. 
These brand new components offer a unique combination of 





2mplate highly desired features. Nine colors. Nylon insulators. Beryl- 
i Epes lium-copper contacts with silver-plated gold-washed solder 
. Print- terminals. Designed for extreme salt spray, humidity, tem- 
ension- 


perature conditions. For standard .080” prods. These jacks 


conform to military specs. and are competitively priced. 
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UBMINIATURE SNAP-IN CONTACT JACKS PRINTED CIRCUIT TEST JACKS 
Snap-in contact can be soldered to cable before Mount on any panel to 14” thick 
insertion in mounted jack 





CONTACT, SILVER PLATED ANC COLD 
| FLASHED PERYLLIUM COPPER 















































For complete information, please write Dept. 6120 | prance 
= / POST, TN ~ Brass 
Excellence in Electronics . 
| N 
COLAR, EV TEL LCN) N ONGULATOR WASHER, TYTEL (NYLON) | 
= RAYTHEON MANUFACTURING COMPANY £ ed 
inted bac Commercial Equipment Division 
n. Wiring renee a Mass. 5-WAY BINDING POST 


Compact, high strength. Incorporates jack for banana plug or 
standard .080” prod. Available in black or red 
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The ““NEURON” counters epitomize the most 
edvanced electro-magnetic counter technology, 
featuring high speed (to 60 PPS), long life (in 
excess of 300 million cycles), pulse reset, switch 
readout, bi-directional drive (add and subtract), 
and small size. These precision units may well 
be the answer to your tabulation problems. 


Clidien 


ENGINEERING, INC. 
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Maybe you don’t manufacture vitamin pills. Perhaps you 
can’t even swallow one. But you may have a similar com- 
plex counting problem the ordinary Counter can’t solve. 
If so, the Autron NEURON Counter might be the answer, 
as it was for Operation Vitamin (see above). It subtracts 
as well as adds (see below). 







For further information, write to 
Irwin Aldrich, 1284 west sixTH STREET 
LOS ANGELES 17, CALIF. 


Offices in major cities 
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NEW TECHNIQUES 





ULTRASONIC DRILLING 


Now Produces Tube Spacers 


An ultrasonic ceramic-drilling tech- 
nique developed by C-Mar Corpora- 
tion, Manasquan, N.J., makes possible, 
for the first time, volume production of 
close-tolerance ceramic parts witb 
intricate configurations. C-Mar has ap- 
plied the technique to the manufacture 
of alundum tube spacer disks which 
triple tube life and minimize noise. 
The electromechanical — transducer 
used in the drilling process converts 
alternating current mechanical 
force to vibrate an tool at 
25,000 cycles per second. Particles of 
abrasive, introduced as a slurry be- 
tween work and tool face, are driven 
with tremendous impact to reproduce 
an exact counterpart of the tool face in 
the workpiece. As a result, intricate 
orifices, multiple arrangements of holes 
and slots, and other complex configura- 


into 
impact 





Fig. 1—Skilled operator machines in- 
tricate configurations into alundum 
tube spacer disks. While operator’s 
right hand tunes ultrasonic generator, 
his left hand controls tool feed into 
the work piece. 


Fig. 2—All slots and holes are cut si- 
multaneously as the tool drives abra- 


sive into ceramic spacer at ultrasonic 
| rate of 25 ke. 


ELECTROMECHANICAL DESIGN 











tions 






sing] 





not 
torte 
toler: 
Th 
tube 
factu 
conve 
ing p 
point 
tube 
gassil 
idea 
was 
alund 
Im 
most 
these 
good 
the v 
To n 
repro 
layup 
The 
bits 7 
silver 


sonic 





Fig. 3.- 
triplec 
spacer 










Fig. 4 
ducing 
er. The 
against 
monel 













SEPTE 











tech- 
yrpora- 
yssible, 
tion of 

witb 
las ap- 
facture 
which 
ise. 
isducer 
onverts 
hanical 
ool at 
cles of 
try be- 
driven 
roduce 


face in 
atricate 
vf holes 
ifigura- 








ines in- 
lundum 
erator’s 
nerator, 
ed into 





e cut si- 
es abra- 
ltrasonic 


.L DESIGN 








tions are cut into the workpiece in a 
single operation. Because the work is 
not chipped, spun, stressed or dis- 
torted, parts can be shaped to close 
tolerances with high reproducibility. 
The alundum (aluminum oxide) 
tube spacers, developed for a manu- 
facturer of ruggedized tubes, replace 
conventional mica spacers with a melt- 
ing point of 1757 F. Alundum’s melting 
point of 3750 F allows higher internal 
tube temperatures, more complete de- 
gassing, and a quieter, longer life. The 
idea of using aluminum oxide spacers 
the durability of 
alundum splash disks in tubes. 


was suggested by 


Impact tool design was one of the 
most difficult problems in producing 
these tube spacers. A single tool is 
good for about 25 pieces, after which 
the worn tool bits must be replaced. 
To make these tools with consistent, 
reproducible accuracy, C-Mar built a 
layup template of tool steel (Fig. 4) 
The template holds the 24 separate 
bits precisely in place while they are 
silver brazed to the cone of the ultra- 
sonic grinder. 


Circle 136 on Reader Inquiry Card. 





Fig. 3—Life of this ruggedized tube is 
tripled by replacing conventional mica 
spacers with ceramic spacer disks. 





Fig. 4—Layup template used in pro- 
ducing drilling tool for alundum spac- 
er. The mild tool steel shanks all butt 
against a large recess in the end of the 
monel cone of the ultrasonic grinder. 
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BISHOP... 


Producer of |World Famous 


—] Eh) 7 .\ 


(The Electrical Tape 
With A Memory) 


Offers 5 Electrical 


Tapes for 


Moisture Sealing, 


High-Voltage Splicing, 


Jacketing, 


Insulation 


Build-Up, 


and All-Purpose Taping. 



















FOR PERMANENT MOISTURE SEALING 

Bi-Seal Self-Bonding (polyethylene based) Electrical Tapes. 
Water absorption as low as .0065%. Operating tempera- 
tures range from —S55°C. to 85°C. Power factors are .0006 
and .0021 for 1000 cycles. 


FOR HIGH-VOLTAGE CABLE SPLICING 

No. 30 High Voltage Splicing Tape. Developed especially 
for splicing cables insulated with ozone-resistant compounds 
and operating at 2000 volts or more. Superior ozone and 
corona resistance. 


FOR PERMANENT CABLE JACKETING 

Bi-Prene (neoprene) Jacketing Tape. For splicing neo- 
prene-sheathed cables. Protects against ozone, heat, moisture, 
sunlight, oil, grease, hydrocarbons and chemicals, particularly 
acids. Flame resistant. 
FOR RAPID INSULATION BUILD-UP 

No. 125 Electrical Filler Tape. 4” thick insulating com- 
pound in tape form. Easy to mold to any shape. Fuses to a 
solid, flexible mass. For cable splice build-up, covering sharp 
cornered connectors, padding bus bars, cable end sealing. 
FOR GENERAL INSULATING AND JACKETING PURPOSES 

Vinyl Electrical Tapes. Thin, tough pressure-sensitive tapes 
with great adhesive strength. Offer complete electrical and 
mechanical protection for most general taping problems. 
Highly elastic. High dielectric strength. 


Write for complete catalog information. 


ISHOP 


MANUFACTURING CORPORATION 


20 Canfield Rd., Cedar Grove, New Jersey 
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ELIMINATE majority o 


handling and storage problems 


REDUCE srivping 


weights and cubic footage 


These RE-USABLE Metal Pad-Kaging Containers were developed 
by PETERS-DALTON for the U.S. Armed Forces. They have been 
approved and are in use for shipping and storing innumerable 
items. 


P-D Containers eliminate the storing of many cumbersome and highly 
inflammable materials—they also eliminate the excess labor usually required 
in packaging such items as delicate radar instruments. Older methods 
caused finished packages to be heavy and bulky. They were susceptible 
to breakage and penetration to moisture and fungus. They were wasteful 
because of their excessive use of man-hours and materials, culminated by 
the eventual scrapping of the expensive packaging. Also, when reshipping 
was required, old fashioned containers after having once been opened, 
were seldom satisfactory for adequate repackaging of the materials — 
endangering them to damage while in transit. These inadequacies and 
limitations have been virtually eliminated through P-D RE-USABLE Metal 
Shipping Containers, 
* ¥ * 

Features include: Lightness: Completed packs weigh far less than older 

style types. Compactness: The P-D RE-USABLE Metal Containers fre- 

quently save more than 50% of cubic footage. Economy: Material and 

man-hour outlays for packaging are reduced 25%. 





Special Features: Containers are equipped with air fill valves to 
eliminate dangers of fungus or moisture and dial type humidity 
indicators. Drop handles furnished for containers weighing less than 
200 Ibs.—heavier containers have been designed for fork truck lifting. 
Extremely simple to close, only ordinary bolts (4 on the smallest con- 
tainer to 14 on the largest) are required; the simplest of hand tools 
perform the closing or opening operations. Optional: Pressure relief 
valves to equalize inside to outside pressures. 





% « * 


These RE-USABLE Metal Containers were manufactured by PETERS-DALTON 
for items ranging from aircraft engines, electronic parts, to large A-N con- 
tainers in all types and sizes for shipping purposes. Complete engineering 
and manufacturing facilities are at your disposal for design, testing and 
fabricating. We'll be glad to tell you more—just write, wire or phone. 


STEEL SHIPPING CONTAINER DIVISION oe 


») ® Hydro-Whirl Point Sproy Booths SEP’ 


B Industria! Washing Equipment 
Drying ond Boking Ovens 





QUALITY ACTUATORS 
FOR QUALITY PRODUCTS 


THE ACTUATORS 





554260 Miniature 2-Position 1010535 Multi-Position 
Rotary Actuator Rotary Actuator 


electron 


Turbine-Driven Hydraulic 
Power Unit for B-52 


. Le ‘ 
“ eos 8 is Sod 3 
Bendix-Pacific in North Hollywood The Electro-Mechanical manufactur- A nationwide service organization 
comprises five fully equipped manu- ing department at Bendix-Pacific stands behind all Bendix-Pacific 


facturing plants. where actuators are produced. actuators and other products 


Today's advanced engineering demands top quality from each compo- 
nent more than ever before in history. Bendix-Pacific is today supplying 
quality actuators for the industry’s latest and most advanced products. 


A qualified Sales Engineer is available to discuss your actuator problems. 


Write for detailed information. ‘ 
endix— 


HYDRAULICS MISSILE GUIDANCE TELEMETERING SONAR ELECTRO-MECHANICAL P A C H t i C D | ¥ | $ | 0 ® 
rl > ~~ oalies ; “Bendix Aviation Corporation 


A cd ~ OI wig NORTH HOLLYWOOD. CALIF 
€ Nr, 


Bridgeport, Conn. ® Dallas, Texas ® Dayton, Ohio ® Washington, D.C. 
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NEW TECHNIQUES 





ELECTROFORMING: 


New Latitude in Design 


Improvements in electroforming, a rela- 
tively new production technique, now 
permit this process to be applied to the 
production of high precision electro- 
mechanical components. Previously ap- 
plied in the manufacture of dies and 
molds for plastics, it is now used in 
the production of metal shapes, espe- 
cially those of tubular, conical or cup- 
like parts, more economically than by 
deep-drawing or other operations in- 
volving more than a simple swedging 
or stamping. 

Basically the electroforming process 
is a combination of electroplating and 
lost wax casting process. It involves 
the electrodisposition of a 
metal on a master mandrel and the sub- 
sequent removal of the plated shell so 
that a self-supporting part or formed 
article, not a mere coating, is produced. 
In forming complicated shapes that in- 
volve undercuts, the mandrels are made 
of low melting alloys that can be melted 
out in a hot oil bath. It is in this 
latter respect that the process resembles 
the lost wax casting. Major points of 
the fact electro- 
formed interior surfaces achieve highly 
reflective without 


differences lie in 
mirror finishes 
polishing; lost wax castings produce 
an ascast surface. In addition electro- 
forming produces an extremely high 
degree of without 
while casting processes require care to 
avoid this defect. 

High precision parts are now being 
nickel, 


density porosity 


electroformed from 


copper, 


layer of 








Fig. 2—Laminates of metal can be 


readily produced in various thickness- 
es by merely depositing one metal over 





Fig. 1—Instrument float made in one 


piece with a wall thickness of 0.005” 
eliminates the need for any welding 
or soldering operations normally used 
in joining two halves. 


iron, silver, lead, tin, cadmium, zinc, 
One 
interesting application was the deposi- 
tion of a relatively thin layer of silver 


cobalt, indium, and chromium. 


or copper representing a highly con- 
ductive metallic media, backed with 
an exterior casting of a non-conductor 
achieved 


resin lightness in 


Although the 


which 


weight and low cost. 














ZA 


vara 


“Quick! How do you like it, well done, medium or rare?” 





another to achieve the effect shown 
above. Procedure is used in producing 
wave guides and special orifices. 





Fig. 3—Pendulum for gyroscopic ap- 
plication was originally made by roll- 
ing the tube and the cup together. 
Concentricity requirements could not 
be met. In the electro-forming proc- 
ess, a one-piece mandrel incorporat- 
ing both the tube and the cup pro- 
duced units with interior dimensions 
held to 0.0005. Homogeneous distribu- 
tion of the material throughout the 
length of the pendulum also was met. 
(Right): Magnetron cathode support 
produced by electro-forming process 
solved the problem of keeping the 
metal from becoming contaminated 
during the fabrication process. The 
extremely high dimensional tolerances 
for the component resulted in uni- 
formity problems from piece to piece 
that were extremely expensive if pro- 
duced by a mechanical process. 


initial cost of an electroformed part 
is inherently more expensive than parts 
produced by normal high production 
methods, the ability to produce in- 
tricate shapes of very pure materials 
sometimes more than offsets the differ- 
ential cost in the processes. 

S. Fialkoff, Vice President of Camin 
Laboratories, Inc., Brooklyn, New York, 
developers of the process, reports that 
many other applications in addition to 
those illustrated here will undoubtedly 
develop for this process since the in- 
dustry is just beginning to explore the 
high precision electromechanical com- 
ponents field. 

Circle 139 on Reader Inquiry Card 
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Quick facts for those who apply and specify electric motors 





_ Torque Motors: They Stall and Hold © 


if you want a machine drive to not 
only apply power but also hold a po- 
sition Or ‘maintain a constant tension, 
a Howell torque motor may be your 
solution. Here’s a motor that can be 
stalled, while exerting maximum torque 
for predetermined intervals, without 
burning out... that can also apply | 
virtually constant torque while operat- | 
ing at a given sub-synchronous speed. 





Linear Speed-Torque Curve | 


The graph below shows this motor’s 
almost linear speed-torque characteris- 
tics as compared to a conventional mo- 
tor’s. The secret lies in the design, 
which produces increased torque while 
limiting locked rotor current. 





—) Two Howell Torque Motors operate clamps for positioning 
} and holding the workpiece on this high-speed, automatic 
milling and centering machine. Seven Howell motors in all 
provide power for this precision operation. 








DESIGN B MOTOR 
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4 A Howell Torque Motor operates the brake 
5 7 a T and the elevator driving mechanism shown at 
Be | 


right. Opening and closing of elevator doors 
is another typical torque motor application. 


2 60 60 10 2 ‘ 60 180 


> OF LOCKED TORQUE 


Adaptable to Many Uses 


In addition to the clamping, elevator 
drive and reel tension applications 
shown at right, Howell torque motors 
are doing a great many other jobs. 
Door opening and closing, take-up reel- 
ing of film and carbon paper, activat- 
ing electrical starter contacts and a var- 
iety of clutching, chucking and brak- 
ing Operations are among them. They 
do a quieter, more positive job than 
many mechanical devices and can often 
effect important simplifications in ma- 
chine design. 





A constant, precise tension is maintained on monofilament plastic thread, after extrusion, by 
the 36 Howell Torque Motors on this winding machine. Multi-speed reeling and winding oper- 
ations, particularly, are simplified by the use of torque motors in place of geared mechanical 
devices that are relatively expensive and difficult to keep in adjustment. 


Typical Howell 
Series 100 bie oe to “i : 


“~ — @® HOWELL MoToRS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 





Write to Dept. E, giving details of 

your requirements. We'll be glad to 

make suggestions and a quotation. PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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some like it hot... 


some like it cold... 


CONTINENTAL 


SILICONE RUBBER INSULATED WIRE 


ontinental 


WALLINGFORD, CONNECTICUT*+YORK, PENNSYLVANIA 
WIRE CORPORATION | 
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Why CLARK Type PM RELAYS give you more 
contacts per square foot of panel space! 


Unique Features Produce Rugged Yet Compact Heavy-Duty Relay... 


SECTIONAL POLE CON- 


STRUCTION a Clark exclu- 
sive ... With each pole in its 
individual melamine cham- 
ber, space between relays for 
electrical clearance is un- 
necessary. Front-mounted 
terminals eliminate need for 
extra side clearance. Sides of 
contact blocks are flush with 
edges of mounting plate. 


EIGHT-POLE SINGLE DECK 


.«. Only Clark makes it pos- 
sible to have an eight-pole 


* 


UNIFORM DIMENSIONS |. Clark type“PM” relays 


BUILT-IN WIRING SHELF __ 


The melamine tops of the pole 
assemblies provide an insulat- 
ing shelf free of current-carry- 
ing parts. Wiring can be bun- 
dled or laid flat right on top 
of the relay, saving additional 
space between rows. When wir- 
ing troughs are desired, they 
can be placed much closer to 
the top of the relay. This fea- 
ture is another Clark exclusive. 


MAGNET CLEARANCE 


That’s all the space needed to 
remove magnet and change 
coil. In overall panel construc- 
tion and layout, this feature 
saves space by reducing amount 
of space between rows. 


are an integrated line designed so that they can 
be mounted side by side in perfect alignment with 
each other. In addition, the double-deck models 
have identical mounting dimensions with Clark type 
“CY”, size 1 starters. Result: Neater, more uniform 
and more compact control panels. 


relay with single-deck wiring. 
At the same time, it uses 
every square inch of space on 
mounting plate, and lines up 
perfectly with Clark 2, 3, 4 
and 6-pole single deck relays. 





FREE TE/MPLATES/ 


FREE TEMPLATES! Write for kit of actual-size photo-templates 
of type “PM” relays mounted on heavy cardboard. A great time- 
saver in laying out control panels. Each template has detailed 
dimension drawing and pole arrangement on the back, 











Everything Under Control Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED e MAIN OFFICES AND PLANT, TORONTO 
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O. G. Meyers and S. L. Albright Hunter Sprinc Company, LANSDALE, PA. 


TT HE helical extension spring are 
among the simplest and most common elements found 
in electromechanical devices. Hardly any piece of electrical 


equipment is so mechanically static that it does not require 


compression and 


some kind of spring. 

Springs are used to make, hold and break electrical 
contacts in relays, circuit breakers, and switches of almost 
every type. They are used as shock mounts for appliances, 
motors, generators and a variety of other equipment. They 
are often the most critical components in gages and other 
precision instruments. 

Yet, despite their simplicity and their almost universal 
use, the successful application of helical springs often 
requires a disproportionate amount of time, both to design 
and to troubleshoot. Following these two rules of design 
will do much to eliminate such problems: 

@ KNOW THE REQUIREMENTS. 
@ USE A SIMPLE, LOGICAL, COMPLETE DESIGN PROCEDURE. 

This article presents a simplified but complete design 
procedure for precision round-wire, helical compression 
springs. A later article will deal with the design of round- 
wire, close-wound, helical extension springs. 

These design procedures are simplified; they use charts 
and graphs to eliminate tedious calculation; they present 
a logical step-by-step approach to design. However, this 
procedure has not been simplified to the extent of neglect- 
ing any consideration which effect spring performance in 
precision applications as do so many so-called “simplified 
design procedures’. 

Much of the data in this article applies equally to helical 
extension springs as to compression springs and can be 
applied to the extension spring design procedure in the 
subsequent article. It should be especially noted that dif- 
ferent spring charts will appear in each article, but that 
each one can be applied to both extension and compression 
spring design procedures presented in the two separate 


articles. 
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THE SPRING CHART 

The design of a spring for any particular requirement 
involves many factors of varying relative importance. It is, 
therefore, not practical to derive a formula for the selec- 
tion of the one correct spring for a given application. It is 
not a simple case of being confronted with one unknown 
and a group of definitely known values. It is rather a 
limited trial-and-error process. To reduce the difficulty of 
this trial-and-error process, the necessary design calcula- 
tions have been made for a wide range of practical spring 
dimensions, and the results recorded in the chart that fol- 
lows, and in another chart for another class of materials 
which will be presented in the second article in this series. 
By scanning these charts, the designer is able to make 
preliminary estimates of wire sizes and outside diameters 
for the proposed spring design. 

The spring chart is basically a listing of load and deflec- 
tion values by helix diameter and wire diameter. Each 
square in the chart represents a unique spring, whose OD 
and d dimensions are given at the top and along the edge 
of the chart, respectively. Within the square are given 
the spring load (P), with the deflection per coil (f) noted 
below it. The chart describes several hundred individual 
springs. The number of springs available for one design 
problem is narrowed by the elimination of unsuitable 
alternatives, depending on material availability, importance 
of space restrictions, etc. Once the wire size and the out- 
side diameter are determined, it is a simple matter to 
calculate the number of active coils, types of ends, etc. 

Note that the load carrying capacity of a helical coil 
spring is independent of the number of turns and the di- 
rection of motion (compression or extension). Also, that 
the load for a given stress (S), is independent of the 
material used because the modulus (G) does not appear 
in the formula. 

A formula for deflection per coil (f) is derived from the 
expressions 
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Solving for P in each expression, equating and solving 
for vields 
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Here the values will be different for each spring material 
because the deflection per coil varies inversely with the 
modulus (G). 

The load given in the chart is the maximum permissible 
for that combination of wire diameter and helix diameter, 
for a service life of 50,000 cycles at 0.50 stress ratio. For 
ther conditions, relating to fatigue life, stress ratio, ma- 
terial, types of end, etc., correction factors are provided. 
Formulas given in the spring chart permit interpolation 
tion of P and f values for intermediate coil diameters 
within the chart. Although the charts are of value in them- 
selves, their greatest use is with an organized spring design 
procedure. 


COMPRESSION SPRING DESIGN PROCEDURE 
[. APPLICATION REQUIREMENTS 

The spring forces required for any given application 
can be determined by theoretical calculation, by empirical 
estimation, by trial-and-error or by direct measurement. 
Employing one or more of these methods, determine or 
estimate the initial and/or final loads and consequently the 
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gradient. If only one load is specified, P,; is assumed zero 
and L, is assumed to be free length in later calculation. 

It is also necessary to make a tentative selection of ma- 
terial before it is possible to start the basic calculations 
for design. Such considerations as cost, strength and en 
durance, availability, corrosion resistance, stability at ele- 
vated and magnetic should be 


temperatures, properties 


evaluated. 


II. BASIC 





SPRING 





CALCULATION 


Referring to the example, the first selection of spring 
OD and wire size is made in Steps 3 and 4 by turning 
to the spring chart. When a “corrected load” P, has been 
established (using A from Table 1), the chart blocks having 
values P equal to or slightly greater than P, offer a choice 
of several springs. From these an optimum OD, based on 
space limitations, should determine the final choice 

Before the alternative springs are eliminated, it is well 
to observe that, in later stage of design, any single OD 
and wire size selected could dictate an undesirable spring 
length or some other condition calling for a reconsideration 
of the other possible OD’s. To this extent, the design pro- 
cedure can occasionally lead to a relatively simple trial- 


and-error process. As the designer becomes more familiar 








A—CORRECTION FACTOR for STRESS RANGE, LIFE CYCLES and SPRING MATERIAL 




















MATERIAL pees | a 7 
P. 5,000 | 10,000 | 50,000 | 100,000 | INFINITE 
OIL TEMPERED SPRING | 25 | 123 | 120 | 1121 109 | 10 | 
STEEL es lie) te lie | ae he) 
[75 | a | 107 | 09 | 0 | 650 
[100 | 10 | 10 | ooo | 20 | 500 
OIL TEMPERED CHROME | 25 | 105 | 102 | 995 | 927 | as | 
VANADIUMAND HARD =| 50.1 9) | 94) | 826) 78) 80 
DRAWN STEEL [75 | 962 | 096 | 8 | on | saa | 
"700 | 94 | 65 | oe | or | aso | 
OILTEMPEREDCHROME | 25 | 135 | «132 | «128 «| «10 |) 
SILICON [50 | 130) 12) (0 1.04 | 
. 5 | a2 | tte 985 90 5 | 
100) im] nC | so | 
TablelI 
U—CORRECTION FACTOR Oil Tempered Spring Steel 1.0 
FOR TORSIONAL SHEAR Hard Drawn Spring Steel 1.0 
MODULUS. Oil Tempered Chrome Vanadium 1.0 
Oil Tempered Chrome Silicon 1.0 
Table II 
— 
VALUE} 
C—CORRECTION TO N (NO. TYPE OF END OFC | 
OF ACTIVE COILS) FOR SOLID 
HEIGHT CALCULATION SQUARED & GROUND 15 
SQUARED, NOT GROUND 
PLAIN ENDS 
PLAIN ENDS, GROUND 1 | 
} J 
Table III 
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LOAD AND DEFLECTION VALUES FOR COMPRESSION AND EXTENSION SPRINGS 





Spring Charts: ADE | 
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with the procedure, his foresight and ability to make simple 
mental calculations will help him to select correctly the OD 
and wire size (with related deflection-per-coil f) on the 
first attempt. 

The chart areas left blank represent values of spring 
index that would be of little general interest, or impractical 
to manufacture. When possible, it is advisable to avoid the 
fringe areas of the chart. 

The load P is that taken from the spring chart—a value 
equal to or just greater than the required P,. Directly 
below it in the chart block, is the deflection per coil, { 
in inches, to be used later in calculating length. At the 
far right of the chart is the basic stress S in thousands 
of pounds per square inch. The factor U—correcting for 
torsional shear modulus of the material—is given in Table II 

The solid height is calculated in Steps 5-7 in the example 
from values recorded in Step 4 and entered as a part of 
the spring specification. This value will depend upon the 
type of ends selected according to solid height factor C 


in Table III. 
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In Step 8, length at final load is given as a function « 
the final load and gradient specified, and the specified 
maximum solid height. At this point the length L. shoul 
be specified. It cannot be less than the trial length calcu- 
lated and not less than the specified maximum solid height. 
L. should be close to the trial value, as excessive length 
may lead to instability or possible permanent deformation 
if compressed solid. Step 9 leads to the value for length 
at initial load. If only one load is specified, L, is taken 
to equal free length, and L,. the length at the specified load. 


Ill. STRESS 


If properly followed, the design procedure takes all 
stresses into account, preventing design for operation at 
unsafe stresses unless one of the following conditions re- 
sulting from deformation in handling and high tempera- 
ture operation is encountered. 

Though properly designed for its service requirements, 
a compression spring once compressed to solid height may 
suddenly become an entirely different spring and _ totally 
unfit for its normal operation. For this reason S, must be 
calculated using Wahl’s stress concentration factor (R, 
from Fig 1, even if solid height is not a condition of 
normal service. The value should be compared to known 
safe values of maximum apparent elastic limit in Fig 2. 

When temperature greatly exceeds normal indoor tem- 
perature, then a danger of permanent relaxation exists. 
The amount of this relaxation should be determined for 
the highest stress encountered from the data in Fig. 3. If 
the predicted relaxation is not tolerable when applied to 
the load, then a spring of higher equivalent load P should 
be selected from the chart. 


IV. VARIATIONS AND LIMITS 


An important fact to remember in specifying tolerances 
is that they must be bilateral—that is, allowing similar 
variation both above and below the specified value. Other- 
wise a contradictory specification will result and must be 
reconciled before a spring manufacturer can conscientiously 
propose a price. 

The normal manufacturing coil diameter variation (AD 
in Fig 4) represents the ultimate process capability. Nor- 
mally over-all tolerance of 1.6AD should be allowed in 
specifying OD and ID of compression springs. This figure 
allows for gradient correction in the manufacturing process. 

Normal free length variation (AH) can be determined 
from Fig 5. Variations indicated are those within the 
process capability. A critical free length requirement is 
rarely advisable or necessary, and would prohibit holding 
tolerances on the test lengths. 

Gradient variation is likewise not often critical. Various 
means of improving upon the indicated limits as calculated 
from Table V are available at higher cost. They includ 
varying of the wire section through centerless grinding or 
selective inspection and discarding. 

Initial and final load variations AP, and AP, are also 
calculated from data in Table IV. These are based on the 
known capabilities of spring-winding machinery. They can 
be improved, at additional cost, through 100% inspection 
and segregation or corrective operations. 

Squareness tolerances are found in Fig 6 for the free 
position only. They can be further improved—where cost 
justifiesthrough special grinding techniques. 
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a P, a 
CHECK Calculated L, = I.th,,, + O01 — = a. OSs , 
POINT fe K —in. 
Specified L, (not less than calculated L, and not less than specified h max) | + ¢ in. 
Pern P, — P, > 2 y ay 
9. Length at initial load, L,;=L, + = * - = 2.303n. 
. P, P, a S . 
10. Free Length, H=L, + —orL, + — = < ; in. 
K K 
ll. STRESS 
1. Wahl stress concentration factor, R, (Fig. 1) = 
2. Total deflection to solid height, Fy = H — d(N + C) =. esha 3, at in. 
—~ oO ( ¢ ge. Foe = ee oS 39 oOOCd 
. : : F, KS . a 
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nF 28 Ui < psi 
5. Per cent relaxation at elevated temperature 
(See index tab S,;) using S_ for “Torsional stress” (Fig. 3) = nis 
V¥. VARIATION AND LIMITS 
1. Coil diameter variation, AD (Fig. 4) O in. 
- | - 
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NOW! A complete single-turn-pot line 


, from Nelows 


Built, tested, and certified* to such rigid specifications as AIA, RETMA, JAN-R-19, MIL-E-5272A, and 
other applicable military specifications, this new line of pots packs reliable performance into tight spots. 
Compl te test data available on request. 


Waters PRECISION MINIATURE POTENTIOMETERS 








WP % WP 11/4. WP 1% WP 1 5% 





values from '2 ohm to 500K ohms. . . high-precision 
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write for catalog that describes the complete line. 


linear and non-linear 


Waters ROTARY TRIMMER POTENTIOMETERS 
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RTS % RT % AP 


AP 1% AP 1% AP 1"ig 


resistances to 500K ... non-linear models 


. include the most compact half-inch pot on the market... 
write for complete catalog. 


. bushing, servo, or 3-hole mount . . . solder terminals or wire leads .. . 


Waters LOW-TORQUE PRECISION POTENTIOMETERS 


Ball-bearing and jewel-bearing models for ultra-low torque 
; . . . servo or 3-hole mounting . . . solder terminals or 
RQ WY RU wee tend 
Check Waters first for all your single-turn-pot needs. 
Big-pot performance in miniature-pot size. 
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Wayland, Massachusetts 
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oa Three voltage ranges: 
0-200, 125-325, 325-525 VDC 





For all power supply needs 
through 1.5 amperes: 


LAMBDA 


COM-PAK 


POWER SUPPLIES 


Less space! Improved performance! 


1.5 AMPERE MODELS NEED ONLY 8%" OF PANEL HEIGHT! 


(unmetered) 

MODEL C-1580: 0-200 VDC, 0-1500 MA.....550.00 
MODEL C-1581: 125-325 VDC, 0-1500 MA.....575.00 
MODEL C-1582: 325-525 VOC, 0-1500 MA.....650.00 





(metered) 

MODEL C-1580M; 0-200 VDC, 0-1500 MA....580.00 
MODEL C-1581M: 125-325 VDC, 0-1500 MA....605.00 
MODEL C-1582M: 325-525 VDC, 0-1500 MA....680.00 





Long, trouble-free service! 





800 MA MODELS NEED ONLY 7” OF PANEL HEIGHT! Transient free output! 














(metered) (unmetered) 
MODEL C-880M: 0-200 VDC, 0-800 MA...370.00 MODEL C-880: 0-200 VDC, 0-800 MA........340.00 Fills the need for compact, regulated DC power sup- 
MODEL C-81M: 125-325 VDC, 0-800 MA...345.00 MODEL C-881: 125-325 VDC, 0-800 MA.....315.00 —— f , f Send oleate’ 
MODEL C-882M: 325-525 VDC, 0-800 MA...390.00 MODEL C-882: 325.525 VDC. 0-800 MA... 360.00 plies. Economy of panel space, functional simplicity, 
new quick-service features. 
Wiring, tubes and other components readily acces- 
sible. You can reach them easily, service them fast. 
400 MA, 800 MA, and 1.5 ampere models include 
new, high-efficiency, long-life, hermetically-sealed 
semi-conductor rectifiers. All Com-Pak models are 
constructed with hermetically-sealed transformers, 
chokes and capacitors. 
400 MA MODELS NEED ONLY 5%" OF PANEL HEIGHT! Condens eng 
= LINE REGULATION ........ Better than 0.15% or 0.3 
(metered) (unmetered) Volt, whichever is greater. 
ATTIiT MODEL C-480M: 0-200 VDC, 0-400 MA....289.50 MODEL C-480: 0-200 VDC, 0-400 MA.........259.50 po 
i MODEL C-481M: 125-325 VDC, 0-400 MA...274,50 MODEL C-481; 125-325 VDC, 0-400 MA....... 244.50 SSO eee ++ oer es ee 0.25% oe 0.5 
10 MODEL C-482M: 325-525 VDC, 0-400 MA...289.50 MODEL C-482: 325-525 VDC, 0-400 MA.........259.50 olt, whichever is greater, 
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(metered) (unmetered) 

MODEL C-280M: 0-200 VDC, 0-200 MA......214.50 MODEL C-280: 0-200 VDC, 0-200 MA.. 184.50 
MODEL C-281M: 125-325 VDC, 0-200 MA....189.50 MODEL C-281: 125-325 VDC, 0-200 MA.........159.50 
MODEL C-282M: 325-525 VDC, 0-200 MA......199.50 MODEL C-282: 325-525 VDC, 0-200 MA.........169.50 
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C- 200 Series ..... 
C- 400 Series ..... 
C- 800 Series ..... 
C-1500 Series ... 


RIPPLE AND NOISE........ 
POLARITY 


AMBIENT TEMPERATURE..... 


AC OUTPUT 

Canpegulated) ...4 cece 
C- 200 Series ..... 
C- 400 Series ..... 
C- 800 Series ..... 
C-1500 Series ..... 


AC INPUT 


OVERLOAD PROTECTION.... 


Less than 6 ohms. 
Less than 3 chms. 
Less than 1.5 ohms. 


. .Less than 0.75 ohms. 


Less than 3 millivolts rms. 
Either positive or negative 
may be grounded. 


Continuous duty at full load 
up to 50°C (122°F) ambient. 


6.5 VAC (at 115 VAC Input). 


10 AMP 
15 AMP 
20 AMP 
30 AMP 


. 105-125 VAC, 50-400 CPS 


AC and DC fuses; built-in 
blown-fuse indicators. 
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Send for complete COM-PAK data 


LAMBDA Electronics Corporation 
11-11 131st Street, College Point 56, New York 
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ITS APPLICATIONS TO ELECTRIC CIRCUITS 





It has been known for almost fifty years that certain metals exhibit an 
abrupt and complete loss of electrical resistance at sufficiently low 
temperatures. Kammerling Onnes (Leiden Comm., 122b. 124c 1911; 
Suppl. 35 1913) who first observed the phenomenon recognized that 
he had discovered a completely new state of matter and named it the 
superconductive state. Since absolutes are rare in nature, it became a 
matter of considerable interest to determine whether the electrical 
resistance in the superconductive state is truly zero or only exceeding] 
small. The most refined experiments carried out to date support th 
conclusion that the resistance is indeed zero. 

Initially it was thought that the superconductive state could by 
characterized simply by the assumption of perfect conductivity. Applying 
Ohm’s law, 

E = Jie 

E=O for ¢ (electrical conductivity) = x. Thus the observabl: 
properties of superconductors were thought to be adequately summarized 
by the statement that it is impossible to produce an electrical potential 
difference inside of a superconductive medium. The magnetic prope! 
ties of superconeductors would then derive from the consequence of 
infinite conductivity by applving Maxwell's equation: 

Curl E = — (1/ C) (dB/dt) 

Since E is zero, the magnetic induction B is constant in time and 
cannot be altered by any external electrical or magnetic agency. This 
implies for example that if a superconductor forms a part of al 
electric circuit, any alteration in current flow can occur only on thi 
surface of the superconductor. It also implies that any alteration it 
magnetic field would excite suitable persistent surface currents so as 
to maintain the internal magnetization constant. 

In 1933, Meissner and Ochsenfeld (Naturwissens-chapten, 21, 75% 
1933) discovered that the superconductive state cannot be describe: 
simply in terms of its electrical properties as indicated above. While it 
is true that the magnetic induction is indeed invariant, they found that 
B does not have an arbitrary value depending upon the way in whic! 
the body was brought in the superconducting state but is exactly zer 
at all times, a fact which cannot be derived from the criterion of ze: 
electrical resistance. Thus, ideally, the superconductive state is not onl) 
infinitely conducting but also perfectly diamagnetic. 

Very soon after the discovery of superconductivity, two effects wer 
observed which were not at first recognized to be different manifesta 


tions of the same phenomenon. 

It was found that the superconductive state is destroyed when 
sufficiently strong magnetic field is imposed and it was also found th: 
the normal resistance returns abruptly to a superconductor which is 
carrying a sufficiently large current. Silsbee (F. Wash. Acad. Sci. 6, 5°7 
1916) recognized that the latter effect was a consequence of the extern 1 
magnetic field associated with the supercurrents. It is found that a ve) 
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weak magnetic field will restore the resistance to a super- 
conductor when the temperature is only slightly below the 
critical temperature whereas a stronger field is required at 
lower temperatures. In general the relation of the required 
field strength He and temperature is approximately parabolic 
as shown in Fig 1 for a number of known superconductors. 
Two parameters, H,, the critical magnetic field strength at 
absolute zero and Tc the transition temperature at zero field 
strength suffice to define the transition curve for inter- 
mediate values of field strength and temperature according 
to the relation. 


NON-IDEAL BEHAVIOR 


Real metals behave like ideal superconductors only in 
the respect that the electrical resistance is very frequently 
indeed zero. In all other respects real metals deviate from 
ideality in a variety of ways and to various degrees depend- 
ing upon the following parameters: 

@ chemical inhomogeniety. 

@ physical inhomogenieties such as crystal boundaries, 

lattice imperfections, strains, ete. 

@ size and shape effects. 

@ extremely high frequency electromagnetic fields. 
The non-ideal behavior appears in many ways depending 
upon the circumstances, but can usually be described in 
terms of one or more of the following deviations: 
> The resistance does not disappear in a discontinuous 

manner as the temperature is lowered at constant mag- 
netic field strength but is spread over a finite but usually 
small temperature range. 

> The resistance does not change abruptly with changing 
magnetic field at constant temperature but instead may 
be spread out over a considerable range of fields and 
sometimes shows complicated hysteresis effects. 

# The Meissner effect (expulsion of magnetic flux when 
passing into the superconductive state) is frequently 
quite incomplete, and sometimes almost entirely absent 
for grossly inhomogeneous specimens. 

> There is an apparent failure of Silsbee’s hypothesis as 
indicated from the fact that an imperfect superconduc- 
tor becomes resistive when carrying a current con- 
siderably smaller than that which would be computed 
from measurements of magnetic field penetration. 

It is beyond the scope of this article to examine these 

imperfections in detail. In general they can be rationalized 

in terms of an “intermediate state” which is thought to be 

a coexisting mixture of fibrous superconducting and normal 

domains. Each small superconducting region is assumed to 
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Fig. 1 Critical field vs. temperature for various super- 


conductors 


behave ideally in the sense of being perfectly conducting 
and perfectly diamagnetic. The existence of inhomogeneities 
greatly complicates the interpretation of the intermediate 
state and seems to stablize its existence throughout a com- 
paratively broad range of temperature and magnetic field 
strength. There are several reference texts available which 
treat the problem in great detail, D. Shoenberg, “Super- 
conductivity”, Cambridge University Press 1952 and F. Lon- 
don, “Superfiuids”, Volume 1, John Wiley & Sons, 1059. 


Superconductors as Circuit Components 
MAGNETICALLY CONTROLLED CIRCUITS 


The first utilization of the sharp resistance change with 
field strength as a means for switching an electric current 
was reported by Templeton, (“A Super-conducting Modu- 
lator”, Jr. of Sci. Inst., 32, 314, 1955). Subsequently, D 
Buck, (“The Cryotron—A Superconductive Computer 
Component”, Proceding of the IR.E., 4, 44, 1956) in- 
vented the cryotron, a coil of niobium wire wrapped 
around a single tantalum wire, and from it constructed 
a most ingenious bistable circuit device. The niobium 
control coil conducts a current sufficiently large to restore 
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Dr. Howard O. McMahon, Vice 
President and Science Director of 
Arthur D. Little, Inc., joined the com- 
pany in 1943 as a member of the 
Mechanical Engineering Development 
Group. During the following three 
years he was responsible for the de- 
velopment of an efficient rectifying 
column packing which bears his name, 
a moisture indicator for excessively 
dry atmospheres, special heat ex- 
changers and the ADL-Collins Helium 
Cryostat (an apparatus for liquefying 
helium that is standard equipment for 
low temperature laboratories around 
the world.) 

But of Dr. McMahon’s thirteen pat- 
ents perhaps the most widely used by 
everyone is his first patent: the bub- 
bling Christmas tree candle developed 


while he was still a student. 

In 1952 he was appointed Science 
Director, an office considered to be an 
innovation in research management 
The broad purpose of of the function 
is to strengthen and integrate the com- 
pany’s scientific techniques and re- 
search capability. He was appointed 
Vice President early in 1956. 


This article is based on a paper pre- 
sented at the Symposium on the Role 
of Solid State Phenomena in Electric 
Circuits held at Polytechnic Institute 
of Brooklyn last April. The original 
paper will appear in Vol. VII of the 
Microwave Research Institute Sym- 
posia Series to be published in Novem- 
ber, 1957. 
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Fig. 2. The cryotron 


resistance to the tantalum gate without becoming resistive 
itself. Moreover, the tantalum gate is capable of carrying 
a heavier current (while itself remaining superconductive ) 
than is required in a control coil to fully restore resistance 
to another gate. This combination of circumstances makes 
it possible to construct a flip-flop circuit (Figure 3) which 
locks itself into one of two possible conduction modes. 
Such a device obviously lends itself to the art of com- 
puting since it can be readily triggered from one _ state 
to the other by adding two more cryotrons and its state 
can be determined quickly and non-destructively by adding 
a second pair. 


Buck described the device fully and suggested a variety 


Mf circuits to carry out many standard logical operations 


required of vacuum tubes and transistors. A cryotron 


Slade 
Catalog 


memory circuit has also been described by A. E. 
and Howard O. McMahon (“The 
System’, Joint 


December 12, 


Cry otron 


Memory Eastern Computer Conference, 
1956) which utilizes superconducting flip- 
flops as a binary storage medium. Circuits composed of 
Cryotron flip flops have an extremely low impedance and 
are operated from a constant current source. Of all pos- 
sible current paths only one should be superconductive at 
This 


that for two parallel superconducting circuits the steady 


a given time. requirement derives from the fact 
state current distribution is indeterminate and in fact has 
an infinite number of possible values. If the total current 
is I and the branch currents are i, and i,, the steady state 
current distribution is given by 
i;/I=r./ (ry + rz) = 0/0 

which is indeterminate. In any actual branched circuit 
the final current distribution would be determined by the 
self inductance L of the individual branches and_ the 


mutual inductance M between branch pairs. 





circuits which utilize 
effect on-off 


switching; however the cryotron can also serve as a d.c. or 


To date, interest centers upon 


the superconductive transition so as to 
low frequency a.c. amplifier. The current gain of such an 
amplifier is determined by the slope of the R vs. H curve 
for the particular choice of gate material. If the trans- 
ition is discontinuously abrupt the gain is infinite. This 
is never true, however, and as a_ practical matter the 
gain is likely to be between 5 and 10. Superconducting 
amplifiers are under study in our laboratory at present 
and will be reported upon in the near future. 


TEMPERATURE CHANGE AS A CIRCUIT CONTROL 
In principle it is possible to utilize a changing tempera- 
ture instead of a changing magnetic field to effect the 


superconductive transition and thereby to construct a 
switching device. There are a number of serious difficul- 
ties of a practical nature associated with such a device. 
The requirement for heat transfer imposes a severe limita- 
tion to switching speed. Moreover, it is unattractive to 
degrade electrical energy into heat at such low tempera- 
tures because of the expense of refrigeration. In spite of 
these difficulties, however, superconductors in the trans 
have been used as sensitive bolometers in 


ition state 


which the R vs. T transition is utilized 


PERSISTENT CURRENT CIRCUITS 


Superconducting circuits consisting of closed loops are 
capable of carrying a circulating electric current for an 
indefinitely long period of time with no dissipation of 
energy. Moreover, the magnitude of the current and _ its 
direction is determined by the magnetic history of the 
loop in a somewhat complicated way. Consider the case 
of a superconducting ring cooled in a region of zero 
magnetic field. If it is now exposed to an axial magnetic 
field H, a circulating current will appear in the ring of 
such a magnitude and direction as to preserve the initial 
state of zero flux density within the area encircled by the 
ring. For a ring of radius r, and assuming the wire to be 


small in diameter compared to r, 


® ne 4 =0 
dt dt 
since the resistance R is zero. Integrating this gives the 
current i. 
i (vr2/L) (H) 
When the imposed field reaches a certain value, the 
vectorial sum of the field caused by the supercurrents 
and the imposed field becomes equal to the critical field 


at the outer edge of the ring and begins to restore re- 


"Oo" INPUT 


FLIP-FLOP 





O" OUTPUT 


FLIP-FLOP 


Fig. 3 Flip-flop circuit 
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sistance to the ring. At this point the total field at the 
outer edge of the ring is the sum of two terms. The 
contribution of the imposed field is 2H because of the 
demagnetization coefficient of a diamagnetic rod in a 
transverse field H. Contribution of the circulating cur- 


rent is 4i/d where d is the diameter of the rod. Hence 


2H + 4i/d =H critical 


As the imposed field is increased further there is a steady 
decrease in the circulating current so that the vectorial 
sum of the two fields remains at the value H critical. 





Fig. 4 
of applied axial field 


Hysteresis of current in a closed ring as a function 


Fig. 4 shows a hysteresis plot of the current in a 
closed ring as a function of the applied magnetic field. 
Boundaries of the diagram are determined by the re- 
total 


magnetic field at any point on the surface of the ring 


quirement that the tangential component of the 
must not exceed the critical field. The diagram can be 
circumscribed only in the clockwise direction. Any change 
in H which does not intersect the boundary produces 
a reversible change in i which is completely cancelled 
when the change in H is reversed. However, if H_ is 
changed in such a way as to exceed the diagram boundary 
the persistent current remaining in the ring when H_ is 
returned to its original value is permanently altered and 
may even: have a reversed direction. 

With only minor modifications in the shape of the 
diagram it is possible to substitute magnetization for 
current along the ordinate and we then have a magnetic 
hysteresis diagram in which the enclosed area is energy, 
similar in many respects to the B vs. H hysteresis dia- 
grams characteristic of ferromagnetic materials. As might 
be supposed, it is possible to construct memories from 
small superconducting rings which are analogous in many 
respects to magnetic core memories except that the direc- 
tion of the stored magnetic field is axial rather than circum- 
ferential. 

The same general considerations presented above apply 
to all multiply-connected bodies or circuits In singly- 
connected bodies, however, such as a sheet or a sphere, 
the problem is quite different. In general, it is not possible 
to have closed circulating currents in the absence of an 
externally applied magnetic field without having some 
portion of the body in the intermediate or normal state. 
Since a closed current path always gives rise to magnetic 
flux which threads the loop, a circulating current in a 
singly-connected superconducting surface would require 
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the magnetic flux to penetrate the surface somewhere 
within the loop thereby causing the material to be non- 


superconductive. 


THE SUPERCONDUCTIVE TRANSFORMER 

If a primary and secondary circuit are coupled mag- 
netically with a mutual inductance M, a current change 
in the primary causes an induced current in the secondary 


according to the usual induction equation 


poe _ uy Sie ip 
dt dt 


When R is zero for the secondary circuit, the equation 
can be integrated directly: 
M 
i, = — i, 
& 
Thus the secondary circuit current is the integral of 
all changes which occur in the primary current. A super- 
conductive secondary circuit thereby extends the appli- 


cation of the transformer to d-c circuits. 


Principal Problems of Superconductive Circuits 
TIME CONSTANTS 

Many of the potentially interesting circuit applications 
for superconductivity, such as the cryotron, depend upon 
switching a current from one path to another by causing 
a portion of a superconductive path to become resistive. 
The time required to accomplish this is directly pro- 
portional to L and inversely proportional to R, the re- 
sistance in the normal state. 

T « L/R 

For a cryotron, the resistance of the gate wire is in- 
versely proportional to d? where d is the diameter of 
the gate. If the control wire diameter has a fixed re- 
lationship to the gate wire diameter, and if the space 
between turns has a fixed relationship to diameter, then 
the self inductance for the coil is independent of d. From 
this it is clear that the time constant of a cryotron of 
constant geometry varies as the square of diameter. 

t o L/R 
A considerable improvement in speed may therefore 


x (constant) (1/d?) o d 
be expected from iniaturization. A further improvement 
is to be gained by selecting as a gate material a metal 
or alloy which has a high resistivity in the normal state. 


CURRENT DISTRIBUTION PROBLEMS 


When flows in 
the current flow is confined to a thin skin on the surface. 
Moreover, the surface distribution is not uniform except 


current superconductive conductors 


for a cylindrical conductor. In general the distribution is 
the same as would be obtained in a normal conductor for 
very high frequency since in both cases the magnetic field 
is not permitted to enter the conducting medium. 

In the case of longitudinal current flow in a_ thin 
strip, for example, the current flow is not uniformly dis- 
tributed across the width of the strip. It would be ex- 
pected to be concentrated somewhat towards the edges 
of the strip and the strip behaves more or less as though 
it were to be replaced by two thin wires. This means 
that the current-carrying capacity of a wide strip is not 
proportional to its width. Considerations of this sort are 
important whenever experiments are planned with super- 
conductive films or foils END 
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Dr. Jesse E. Hobson 


Jesse E. Hobson is assistant to the President 


of the United Fruit Company 


ORGANIZING FOR RESEARCH 


Scientific research is understood by 
a great many people to be a great 
many things. It is as difficult to find a 
single, unanimous definition of research 
as it is to find 
scription of the Abominable Snowman 
of Tibet. Fortunately, the results of 
research We can 
measure them by many standards——by 
production volume, by profits, by nev 
processes and new knowledge, by the 


an authoritative de- 


are not so elusive. 


abundance and vitality of our economy 
——all of which are served by the re- 
search method. 

The essence of research results is that 
they provide us with new facts and 
Facts the 
basis for company action to improve 
its products and its sales, to strengthen 
its profit position, to prepare for long- 


new information. 


become 


range security, to overcome operating 
difficulties. Facts, the product of re- 
search, laboratories 
and pilot plants, from market analyses 
and cost studies, from efforts to under- 


stand more fully the reactions of cus- 


must come from 


tomers, employees and shareholders 
The 


executive 


use of research results is an 


function. Management must 
integrate the research findings of its 
specialists into the fabric of planning 
decisions, fiscal decisions and operatinz 
decisions. Research facts are not a sub- 
stitute for management action. Research 
facts cannot replace management ex- 
perience or supplant management judg- 
ment. But as the processes and opera- 
tions of industry become increasingly 
complex and the requirements of man- 
agement exact, reliance 
upon the results of scientific fact-find- 
ing must also increase. 


increasingly 


In the past generation research ap- 
propriations in every industry, in nearly 
every company, have risen many times 
over. From an insignificant budget item 
which received scant and grudging at- 
tention a relatively few years ago, com- 
pany research programs are now ade- 
quately if not ideally supported and 
command the careful consideration of 
directors and line executives. Staffing 
for research has become a crucial part 
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of every recruitment program. In our 
technologically-based economy there is 
a blue-ribbon premium on creative, ex- 
perienced, well-trained research brain- 
power. Investment in research facilities 
and personnel returns a handsome divi- 
dend payable in industrial progress, 
vigorous economic growth and national 
security. 

The American people, American busi- 
ness, technology 
called 


and capital will be 


upon to perform continuing 
prodigies to provide swiftly expanding 
demands for raw material, manufac- 
tured goods and consumer items, com- 
munications, transportation and _ serv- 
ices of many kinds. Greater research 
effort and more skillful use of research 
results will be the heart and soul of 
the achievement. 

If the achievement is to be realized, 
however, we must guard closely against 
taking for 
against overburdening our research re- 


research results granted, 
sources with too many company fire 
demands, 
against looking to research for all the 
answers. 


calls, too many wasteful 


Many times research appears to per- 
form feats of magic. Nothing could be 
more illusory. Research is hard work. 
It requires painstaking effort, sound 
training and education, substantial in- 
and_ resourceful administra- 
Above all, 
commanded to appear, genie-like, in 
response to arbitrary timetables or to 
While 


there is probably no problem in physi- 


vestment 


tion. its results cannot be 


satisfy unrealistic ambitions. 


cal or economic realms which is for- 
ever immune to an organized, well- 
conceived research effort, there are 


still formidable barriers to the solution 
of old and new problems. They will 
be solved, no doubt. They will be 
solved by increased research investment 
—which we know must come from iden- 
tifiable sources of capital; by better 
trained, more resourceful personnel— 
which we know will be the product of 
improved social and educational en- 
vironment; by better-conceived, better 
organized, more responsive research 





programs—which must come from the 
research community itself. 

Organization for maximum research 
results is one of the profession’s most 
basic challenges. Over the past genera- 
tion we have been caught up in the 
swirl of war, cold war and a booming 
mid-century economy without much 
opportunity for a pause to consider 
how research can be organized and 
planned to take maximum advantage 
of the rich resources available all across 
the spectrum of physical and human 
knowledge. Research is today predomi- 
nantly organized along vertical lines; 
individual companies, some entire in- 
dustries and many of our fine service 
organizations provide but a single oi 
limited type of internal professional 
research service to meet specific, re 
stricted objectives. There is no longe: 
a question of selling research to indus 
try—that day is long past—but there is 
a need for experienced research scien 
tists to supplant industry's own internal 
research organizations. 

The problems of industry are becom 
ing and will become more horizontal 
Only in rare and isolated cases will a 
research problem come in a neat pack- 
age easily ticketed to a_ specialized 
cubbyhole for solution. Interdepend- 
ence is a concept for enlightened re- 
search as much as it is for suburban 
social life or international diplomacy 
Few research problems can be confined 
to a single specialist’s laboratory. Al- 
most all research results, if they ar 
to be applied successfully, have aspects 
of economic, markets, operations re- 
search, public relations, personnel, etc 
which require teams of experts repre- 
fields of the 
physical sciences, economics, the hu- 


senting competence in 
man and perhaps the biological sci- 
ences. Only by mutual exchange and 
use of information from several fields 
can research be assured of the most 
effective employment of its efforts. 

Research service must be organized 
on a broad base from which it can 
draw on a whole range of skills from 
engineering to public relations, from 
accounting to chemistry. Such a reor- 
ganization of research—specialized lab- 
oratories in the physical sciences and 
engineering supplemented by outside 
research services and consultants in 
economics, marketing and psychology— 
will provide pools of proven profes 
sionel brainpower to serve the man 
requirements of business, industry and 
government. It should be given high 
priority at industrial and research coun- 
cil tables throughout the country. 
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TRANSITIONS 


From Engineer to Supervisor 


Within the past year some question 
has been raised as to whether an en- 
gineering shortage does or does not 
exist. But no authority appears to ques- 
tion the shortage of engineering super- 
this 


more engineering organizations have be- 


visors. To meet need more and 
gun to develop supervisors from within 
their ranks of engineers wherever pos- 
sible. H. M. Elliott of RCA spelled out 
some of the steps in the transition from 
engineer to supervisor and some of the 
danger areas in a paper presented at 
WESCON. To Elliott, the function of 
supervision is to know what to do first 
before working out the details of how 
to do it 





DREAMS OF GLORY: THE PRESIDENCY 
What does an engineer have to know 
to be a good supervisor? Elliott believes 
that he must be competent in his field; 
he must acquire specific knowledge in 
techniques pertaining to performance of 
his job and the operation of the com- 
pany. Most important, he must broaden 
his perspective and learn to think as 
one who directs the activities of others. 
Elliott 
change and consequently requires guid- 


believes that this is a subtle 
ance on the part of more experienced 
personnel. During the transition period, 
occurring both before and after the 
actual promotion, this guidance is ex- 
tremely important since it is during this 
time that the characteristics of the man 
as a supervisor are set. 

Elliott points up this critical period 
in the transition, the time when ideas 
and attitudes are formed and solidified. 
“At first there well may be confusion 
in the trainee’s mind. It is not uncom- 
mon for the trainee, mentally, to swing 
On the one 
hand, flushed with success and pride of 
having taken the first step up the com- 


between two extremes. 


pany’s ladder, he has visions of becom- 
ing President—of the company, at least 
—and may possibly act accordingly. On 
the other hand, suddenly concerned 
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with the many matters that a short 
while ago he had nothing to do with 
or was thinks 


he must have been out of his mind 


even unaware of, he 


for ever agreeing to get 


rat-race, and again may act accord- 


ingly.” 





CHECK LIST FOR TRAINEES 

In this particular time of confusion 
and reorientation Elliott presents ten 
points in which common _ patterns 
merge, points that the trainer should 
be on the look out for and correct. 
Here they are: 

@ The tries to do 


everything himself. With increased re- 


new supervisor 
sponsibility the trainee worries that 
things are getting away from him, he 
is afraid to trust his (new) subordinates 
although not too long ago as his equals 
they were completely trustworthy. 

@ He may tend to delegate responsi- 
bility without the necessary authority 
to accomplish the assigned task. Al- 
though some delegation is in evidence 
it indicates that still 


trust himself as a supervisor. By not 


trainee doesn’t 
delegating the necessary authority he 
not only places his subordinates in an 
untenable position, but by not indicat- 
ing any confidence in them, they in 
turn will have no confidence in him. 

@ Time limits on tasks should be ar- 
rived at by discussion, not arbitrarily, 
Nothing is 
gained by forcing the subordinate to 


and should be checked on 


attempt what he feels is an impossible 
task and then berating him for not ac- 
complishing it. Immediate commenda- 
cirticism is far more effective 
than waiting until some more formal 
occasion. 


tion or 


@ The trainee may take an engineer to 
task in the presence of other members 
of the group. This is better done in pri- 
vate where both parties can blow off 
steam if necessary. 

@ Using tact is of the im- 
portance in working with engineers 
who formerly reported to the new 
supervisor. 


utmost 


Relationships are in the 
process of changing and there is bound 
to be some resentment on the part of 


into such a: 


some of the people, even if at th 
subconscious level. The attitude of “you 
know me, Joe, everything is just the 
same as it’s ever been,” just isn’t s 
and the trainee should be aware of the 
barriers that the engineers are erecting 
@ Conversely, almost every new super- 
visor starts off with the feeling that 
he will still be one of the boys and 
that his group is different. This is no! 
so and he should be warned to expect 
otherwise. Although this difference may 
be subtle, it does exist and must exist 
if he is to retain control of the engineer- 
ing group. 

@ Budding engineering 
have a tendency to interfere with a 
engineers work to get on with the 


supervisors 


job. In the beginning he may be abl 
it faster but 
action does not promote harmony it 


to do and_ better sucl 
the group nor does it promote the de- 
velopment of the group as an engineer- 
ing organization. As time goes on and 
the trainee gets away from the detailed 
technical aspects of his job, he becomes 
less qualified to personally accelerate 
the work. One cannot interchange ex- 
perience in engineering direction and 
administration with experience in engi- 
neering design. The fork in the road 
was reached way back when the en- 
that 

No 


both roads successfully, simultaneously 


gineer agreed 
what he wanted. 


supervision was 


one can. travel 





you've 
CHANGED 
JOE 


—_—— 


J n 


0) 8 







@ The converse of interference is las 
ity. The supervisor must continuall 
check the progress of his engineers i! 
he is to maintain control. He shoul 
never assume that a job will be don« 
he should verify it for himself and 
verify it completely. He should mak 
ihe rounds—of the lab areas, the mode! 
shop or the factory and see for himself. 
An important point: these visits should 
be regular and on no prescribed dai 
or hour. 

@ Day to day operation is bounded }\ 
the limits expressed in points 7 and § 
and require constant adjustment. Thi 
art of sensing that something is  slip4 
ping and letting it slip just enoug! 
so that when you step in and chan 
assignments, the engineers affected re 
alize you are justified in doing so; ar 
yet, things have not slipped enough «4 
jeopardize the project—that art can onl) 
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Operuite wilhinost existing counting equipment 
WITHOUT MODIFICATION! A reliable, accurate, compact instrument that fills an industry need 


for a truly high-speed, low cost digital printer. It may be connected directly to digital counting 





instruments and will print, on standard adding machine tape, the count measured 


during each counting sequence. Important features include: Parallel Entry, 





9 
No Stepping Switches, Relays or Moving Contacts. 3 
. . . . . 7 
Furnished standard with 6 digit print-out 6 
q 5 @ Subsidiary of 
out up to 12 digits is optional. Write today for complete specifications Hancock 
| g I e today for complete specifications in 
3 Company 
2 
Computer-Measurements ‘| Corp. 
0 


CC-62 5528 Vineland Ave., No. Hollywood, Calif. Dept. & 
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DEGREES CENTIGRADE 


Victoreen Hi-Meg Resistor (top) 
and Victoreen Precision Encap- 
sulated Deposited Carbon Resis- 
tors (below). 


High stability, exceptional accuracy and performance that easily 
exceeds the normal electrical specifications of MIL 10509C—even in 
high ambients to 300°C where more than normal life expectancy is re- 
quired. That’s the story, in brief, of Victoreen deposited carbon resistors. 


Hi-Meg resistors have a car- Hi-Meg resistors are vacuum- 
bon-coated glass rod element, the sealed in a glass envelope treated 
ends of which are banded with with special silicone varnish to 
silver for best electrical contact. keep envelope moisture-free. 

For the ultimate in accuracy, 
For the full story on Victoreen stability and long-time perform- 
0 deposited carbon or Hi-Meg ance, specify Victoreen precision 
t 4 resistors, write for your free ars : 
Veer copy of Form 3025A. resistors. AA-5423 
P 
. 






The ictoreen Instrument Company 


Components Division 
5806 Hough Avenue, Cleveland 3, Ohio 
FOR MORE INFORMATION CIRCLE 85 ON INQUIRY CARD 
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be learned by experience. The object 
is to guess wrong a minimum number 
of times. 

@ In general the trainee must realize 
that he now has to identify with the 
group. A_ reciprocal relationship, a 
sense of mutual trust must be devel- 
oped. Just as he must learn to trust 
ability of his engineers, so must they 
learn to trust him. He is the buffer 
between them and the external world. 
Within the group he may criticize, he 
may reprimand. But outside the group 
he is the only one responsible for the 
group's actions. 


How To Cut Costs 
And Influence Output 


Hundreds of engineers, designers and 
other key technical people will be 
taught how to cut costs and increase 
engineering output for their companies 
at new one-day seminars scheduled 
during the Fall in major cities through- 
out the country. The seminars, arranged 
by Industrial Education Institute of 
Boston, will present basic principles and 
applications of a variety of new indus- 
trial techniques. Each of the methods, 
systems or procedures has proven 
valuable in cutting costs. increasing 
production or improving performance 
in many leading companies. 

Advanced Techniques In Functional 
Drafting will be taught by a panel of 
experts from Westinghouse Electric 
Corporation and will demonstrate ad- 
vanced procedures applied and taught 
throughout the company’s engineering 
operations. Programs include the tech- 
niques of making lineless diagram 
drawings, preparing original printed 
circuits, producing drawings photo- 
graphically and other time and money- 
saving methods and systems. A feature 
of these meetings will be demon- 
strations of how computers can be 
used to prepare completed drawings. 

Don Fuller, Senior Planning Engi- 
neer of the H. K. Ferguson Company, 
will present a number of Simplified 
Drafting Practices that include the best 
features of the techniques developed 
by General Electric, International Har- 
vester, American Machine & Foundry 
and other pioneers in simplified draft- 
ing. 

Creative Engineering. will be pre- 
sented by J. H. Pinard, Head of Boston 
University's Psychology Department 
and J. W. Hill, Director of Creative 
Development for Hercules Powder 
Company. The goal of these seminars 
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To Keep The Starfighter’s 


Radar Fire-Control On Target” 
RCA and LOCKHEED choose 


~ ROBINSON 


all-metal Mf]-[-Flf: mountings 








Farther than man can see, faster than man can 
think, the Starfighter’s Radar Fire-Control detects 
and tracks the fast moving and elusive target. 


This more than human RCA detecting device, 
in the ship’s nose, is 150 pounds of high perform- 
ance and reliable electronic equipment. This 
equipment is completely supported in a minimum 
of space by the twin mountings which together 
weigh less than 5 pounds. 





Robinson engineered these mountings to pro- 
vide maximum protection against take-off shocks, 
abrupt change of path, 4G sustained accelera- 
tion and temperature extremes. 


Met-L-Flex fabricated wire cushions feature 
inherent damping and require no auxiliary fric- 
tion devices. These mounting assemblies provide 


quick release attachment to the airframe. 
Model 1660 


The twin mountings shown are simple, There are TWENTY-SIX other vital electronic devices protected 


light weight, rugged and possess 
INHERENT DAMPING. 


by Robinson engineered mounting systems throughout the Lockheed 


F-104 Starfighter — including the pilot's instrument panel. 





VIBRATION CONTROL IS RELIABILITY CONTROL 
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NEW Precision in a Small Package 


DETROIT 
Class 
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Neos. 
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...1f your Precision Snap Switch 
must have : smau size 7/16” x 17/32” x 1-3/16” 


High Electrical Rating © Choice of Operating Forces—3 ozs. to 12 ozs. on 


the pin ¢ Compactness for ganging ¢ Wide choice of terminals—solder, screw, 


standard spade, and junior tab. 


Here’s the switch to do the job 


Precision performance and outstanding 
contact life are features of the new 
TyniSwitch. Force and movement are 
held to very close tolerances. The 
patented blade design produces a fast 
and positive snap-action that is virtually 
“bounceless,” and dependable perform- 


Class 2 TyniSwitch 


A specialized switch for applications 
requiring No. 8 screw terminals. 
Mounting bases are either left hand or 
right hand. 





For full information 
write for Bulletin 
263-B 





Quality Protects Your Investment-- 


ance under conditions of shock and 
vibration. For full information write for 
Bulletin 270. 





U. L. listed 15 Amp. 125-250 V., 
Y2 hp. 125-250 V. AC. 











Class 1 TyniSwitch 


The Class 1 TyniSwitch is unusually 
small for a full 15 ampere rated switch. 
It also is a versatile design, lending 
itself to special adaptation. 





American-Standard Quality Is Available At No Extra Cost. 





Stratford, 
Connecticut 











_DETROIT CONTROLS 


Division of American-Stardard 
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is to present the experienced engineer 
with a usable formula for more effective 
problem solving by teaching him how 
to free his mind of restricting inhibi- 


tions. 


INDUSTRIAL EDUCATION INSTITUTE 


SEMINARS 

SEMINAR TOPIC DATE CITY 
Simplified Drafting 

Practices Sept. 18 Chicago 
Advanced Techniques in 

Functional Drafting Sept. 24 Cleveland 
Clear Technical Writing Oct. 1 Chicago 
Advanced Techniques in 

Functional Drafting Oct. 2 New York 
Clear Technical Writing Oct. 8 Cleveland 
Clear Technical Writing Oct. 9 New York 
Simplified Drafting 

Practices Oct. 15 Detroit 
Creative Engineering Oct. 16 Chicago 
Effective Speaking for 

Engineers Oct. 16 Boston 
Basic Approach to Work 

Simplification Oct. 17 Chicago 
Simplified Drafting 

Practices Oct. 23 Philadelphia 
Clear Technical Writing Nov. 5 Boston 
Simplified Drafting 

Practices Nov. 6 Philadelphia 
Clear Technical Writing Nov. 7 Pittsburgh 
Planning for Research 

and Development Nov. 7 Boston 
Advanced Techniques in 

Functional Drafting Nov. 13 Chicago 
Simplified Drafting 

Practices Nov. 14 _ Detroit 
Creative Engineering Nov. 19 New York 
Basic Approach to Work 

Simplification Nov. 20 Cleveland 
Creative Engineering Nov. 21 Cleveland 


To help technical men prepare bet- 
ter reports, procedures, manuals and 
other written material, Robert Gunning, 
will present his formula for Clear Tech- 
nical Writing. Tailored especially for 
one-day presentation, the Seminar aims 
to teach engineers, designers and 
others who write on technical subjects 
how to get their thoughts on paper 
faster, easily and more under- 
standably. 

Several of the Seminars will be de- 
voted to A Basic Approach to Job Im- 
provement and Work Simplifications. 
Designed for application by companies 
of any size, and in every phase of op- 


more 
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eration, this course is directed at the 
technical management level. Work 
Simplification authorities will present a 
\orkable formula for reducing costs by 
Jiminating unnecessary work, combin- 
rg and re-arranging functions, and 
simplifying essential operations. 
Modest registration fees at each of 
the convenient one-day Seminars in- 
lude attendance at morning and after- 
noon sessions, luncheons, coffee breaks, 
Jl necessary materials and_ supplies, 
wd a set of Seminar notes for con- 
tinuing reference. 

Because the IEI limits the seminars 
n size, admission is by registration 
nly. Information and reservations for 
ny or all of the seminars are available 
from Industrial Education Institute, 25 
Huntington Avenue, Boston 16, Mass. 
r circle 166 for additional information 
and registration forms. 


NGINEER EVALUATION 





aloes vs Correlations 
ime-hallowed haloes surrounding such 
ctors as class standing. participation 
extra-curricula activities and gradua- 
m from a particular college were 
iattered by correlations presented by 
bert A. Martin and James Pachares 
WESCON. These men undertook 
e application of statistical techniques 
the development of equations that 
ould give a fair and consistent eval- 
ition of employment applications at 
lighes Research and Development 
iboratories. 

Martin and Pachares tabulated all 
wiables normally considered important 
} selecting engineers for employment. 
hctors which can be obtained from an 
‘amination of employment question- 
ires, transcripts of college grades, 
terview reports and references. They 
beled these variables “predictors”. Of 
¢ 27 predictors included, only eight 
cre determined to be statistically sig- 
| cant: 

Level of academic degree 

Number of professional publications 
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Shown below is the new ® 
catalog of The A. W. Haydon 

Company describing all of e 
the basic types of units 
available and many of the 
*‘specials’’. Included in this 
25-page catalog are 60 pho- 
tographs of timers, 30 di- ° 
mensional drawings, and 50 

charts and diagrams. This » 
complete catalog will be 

supplied on request. e 


the 


A. W. HAYDON COMPANY 
offers a COMPLETE LINE of... 


" STANDARD ona CUSTOM DESIGNED 


TIMING MOTORS ona DEVICES! 


for military and industrial applications. Illus- 
trated are some of these units . . . any can be 
modified to meet your specific requirements if the 


* ° ° ° 
basic design is not adequate. 





f 





400 CYCLE 





GENERAL PURPOSE ADJUSTABLE 





Long a pioneer in the timing field, The 

A. W. Haydon Company is prepared to assist 
you in solving your timing and control 
problems. When a solution to your problem 
has been reached, The A. W. Haydon Company 
is prepared to follow through with production 
geared to meet your requirements 

whether a basic timing unit or a highly 
specialized device is required. 


See us at the National Electronics Conference, Chicago, 
Oct. 7-9, Booths 135-136. 


A SWSHAYDON Company 


Fe 339NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Devices 
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If you use | forged or cast 





parts like any of these... 





we can cut your costs by 
STAMPING THEM! 





By stamping parts like these which formerly had 
been forged or cast, we have made substantial savings 
for our customers! 

Such savings have resulted from reducing cost of 
original parts as well as in machining and 
finishing operations. 

The reason we can do this when many others can’t 
is know-how acquired during 42 years’ experience, 
plus unexcelled organization and equipment. 

With an efficient nation-wide sales force, we 
will quickly show you how many forged or cast parts 
may be stamped, and the AQL improved! 








DETROIT STAMPING COMPANY 


Established 1915 
406 MIDLAND AVE., DETROIT 3, MICHIGAN 


“America’s Leading Job Stamping Manufacturer” 


hok to Doppoit! 
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@ Number of honor societies to which 
elected 

@ Major in Physics 

@ Major in other than Mechanical 
Engineering, Electrical Engineering 
or Physics 

@ Major in Electrical Engineering 

@ Number of patents 

@ Number of Fellowships 











The equation based on the above 
factors accounted for 50% of the vari- 
ance among ratings and was within 6% 
of actual ratings for 75% of the cases 
tested. No significant correlations were 
obtained in a separate correlation anal- 
ysis relating personality characteris- 
tics of Experimental Ability, Analytical 
Ability, Initiative, Industry, Originality, 
General Knowledge, Sincerity, Appear- 
ance, and Leadership with rate of sal- 
ary growth. 

No significant correlations were ob- 
tained between undergraduate class 
standings and salaries of engineers and 





between college ratings and salaries. | 
Factors such as age, quality of refe: 
ence checks, rating of school fron 
which graduated and other factors nor 
mally considered important during em 
ployment consideration did not appea 
to be significant in determining en 
trance rating. Class standings also dic 
not appear to have any correlation t 
salaries. Other results of interest: 
> For engineers with four years’ ex 
perience, there was barely significant 
positive correlation between class stand 
ing and salaries. 
> For the engineers with six and 
eight years’ experience, there was n 
correlation whatsoever. 
> For engineers as a group, therd 
were no correlations whatsoever be 
tween class standings and salaries. 
> Grades obtained in college did nm 
appear very important in evaluating 
an applicant’s theoretical knowledgt 
or ability. 


PROFESSORS: HEAR! HEAR! 
Before the above results were obtaine 
Martin and Pachares attempted to c¢ 
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ol fron currently operating at temperatures y. low as —45X°F and 
tors nor as high as 1000°F., at pressures up to. 35,000 psi—w ith Ro beiling. 
ring em The POTTERMETER Flow Sen he Element, \ 
t appea is based on a unique venturi deéign with 


ning en 


a bearingless, hydraulically-pogitioned rotor, and\can be \ ¥ 


also dic 





, made of stainless steel or any/ non-magnetic mater 
lation t : 
nthe POTTER systems feature high accuracy 
a over a wide range of temperatures, 
ignifican pressures, density and viscosity conditions of 
he rae liquids and liquefied gases, including 
acids, cage oe ns and other RMiii7 
six ang | corrosives. TI ey are shock an cabed 
wan’ ws vibration-resistant and can be 
utilized with a variety of indicating 
p, ther totalizing, recording and/o 
re control instrumentation. / 
ries. Only POTTER makes 
. did no the pay 
valuating } 
nowledgé 
POTTER AERONAUTICAL CORP. 
obtained U. S. Route 22, Union, New Jersey 
ad to cea MUrdock 6-3010 ~ 
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SPECIAL SWITCHES 
re STANDARD “*' 
FSCO 


of Weymouth 





Gear-operated 
TYPE JR 







TYPE JR 

















=r 


TYPE HT 














When you need a SPECIAL switch... 


ESCO standard, uniform components can be assembled to meet your 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another. 

These standard switches can be modified to fit your application: 


@ TYPE A—up to 8 positions, 7 sections maximum, detent- 
mechanism, rating 5 amperes — 125 volts a-c/30 volts d-c. 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 

@ TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 

amperes — 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100, 

200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 

to meet Specification MIL-S-15291. 

TYPE JR — up to 8 positions, 30 sections maximum, detent-action, 

rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c. 

TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 

action or snap-action, rating 30 amperes at 230 volts a-c. 

TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 

rating 5 amperes at 125 volts a-c. 

Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 

volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096, and 

9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 

— 250 volts d-c. 

Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(BS ESCO of WEYMOUTH 


CoO ELECTRO SWITCH CORPORATION 


Weymouth 88, Massachusett 
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termine the relationship, if any, be- 
tween university ratings and _ salaries; 
no correlation whatsoever. In desper- 
ation they then tried to determine the 
relationship, if any, between products 
of school groupings and class standings 
with salaries; no correlation whatso- 
ever. 

Universities cooperating with Martin 
and Pachares were informed of these 
results. Here is one interesting reply 
from the Registrar of California In- 
stitute of Technology: 


“The type of education we offer at Cal 
Tech must, of necessity, consist for the 
most part of book assignments. The 
student follows a schedule. He learns 
by memory what the book says. He 
cannot disagree, because he is sure to 
be wrong. The book offers well-estab- 
lished facts—not opinions; or if opin- 
ions, they are amply justified. Then he 
submits to an examination, made up to 
test his ability to correlate the facts, to 
deduce new facts and obtain new rela- 
tionships but always in a definite pat- 
tern. The student who best follows the 
pattern gets the top grade. 

“We find outstanding students develop- 
ing a technique of passing examina- 
tions. The best student, so far as grades 
go, can cover perhaps a hundred times 
as much material as the poc 2st. He 
knows just what the professor is go0- 
ing to ask on the examination, and 
makes sure to have it down cold. The 
poor student always studies the wrong 
things, usually because of special in- 
interest in them. 

“Now this poor student may be doing 
some creative thinking. If it does not 
apply to the work in hand, he will be 
disappointed. How does a _ professor 
with a class of twenty students encour- 
age each to go his own way and still 
cover what the course specifies, “Ele- 
mentary Electronics’”— “Surveying” — 
etc.? . . . “You have also heard the 
opinion expressed that the fellow who 
made good was one who received poor 
grades in school but excelled in ath- 
letics or some other “social” type 
achievement. 

“One of our own studies of salaries 
correlation for all graduates seems to 
indicate that the student who had a 
mixed program of extra-curricular ac- 
tivities, for which no scholastic record 
is shown, and reasonable grades in his 
courses, climbed well above his fellows 
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after, say, five or more years out of 
college.” 

Taking their cue from the comments 
offered by Cal. Tech’s Registrar, Mar- 
tin and Pachares launched a more am- 
bitious project—a detailed correlation 
study involving all the variables in the 
backgrounds of applicants as revealed 
by their employment questionnaires, 
reference checks, interview comments 
and transcripts of college grades. These 
were the variables they called predic- 
tors and this study yielded the informa- 
tion presented in the first several par- 
agraphs of this report of their work. 


Guidelines for 
Better Electromechanical Designs 
One method for management to em- 
phasize reliability in components and 
systems design is to call the attention 
of designers to newly available sources 
of information in the field. The U. S. 
Dep't. of Commerce has just made 
available for industry use twelve simple 
guides for the design of reliable elec- 
tronic equipment in a volume pre- 
pared for Navy electronic engineers. 
The report was compiled primarily for 
the ground- 
based data-gathering and data-assess- 
ing equipment, but contains informa- 
tion useful to designers of other types 
of electronic devices. Most of the data 
was drawn from an extensive literature 
The 89- 
item bibliography. 

The guides were based on studies of 
the effects of equipment 
complexity, distribution of causes of 


guidance in design of 


survey. report includes an 


increased 


equipment failure, technique or reli- 
able design, and selection of compon- 
ents. Such tube-reliability factors as 
filament current surges, cathode-inter- 
face formation, tube envelope tem- 
peratures, new cathode designs, and 
the use of special tubes also were con- 
sidered. 

The report: PB 121123 Twelve 
Guides to Reliable Electronics Design, 
the Office of Technical Services, U. S. 
Department of Commerce, Washington 
25. It contains 57 pages, price $1.50. 

Next month ELECTROMECHANI- 
CAL components & systems DESIGN 
will publish an article by Seymour 
Nozick that enables designers to pre- 
lict or measure the reliability of most 
‘lectronic and de- 
signs with the use of three simple 
charts. 


electromechanical 


Mr. Nozick is a specialist in opera- 
tions analysis and reliability studies ap- 
plied to aircraft weapon systems. 
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How Magline Magnesium Helps 








University of Michigan Probe Mysteries 
of Upper Atmosphere 


Time: /nternational Geophysical Year 
Launching Site: Fort Churchill, Canada 
Objective: Upper air research ... 100 
miles above the earth 


Magnesium is playing an important role in 
the success of the Nike-Cajun sounding 
rocket. Cost-saving design components, 
made by Magline have eliminated earth- 
binding pounds from the rocket .. . while 
meeting the rigid demands of supersonic 
speeds! 

Magline magnesium improves down-to- 
earth products too. In automobiles, office 


machines, industrial equipment, consumer [;, 


durables —wherever weight and cost are 

important, design engineers are finding | 
a practical solution with magnesium. | 
World’s lightest structural metal, magne- | 
sium can be cast, formed, extruded, drawn | 
or worked into virtually any size or shape! | 
Tooling costs are lower . . . machining, | 


fabrication, processing, handling, assembly | City 
costs too! Put Magline experience to work L__ 


MAGLINE 


INC., P.O. BOX 439, 


for you. Four plants to serve you...\ 


f 


complete facilities for cast or fab1 


} } ~t Ye na >>} sent 
products. Design and _ technical 


available. 


MAGNESIUM COMPONENTS 
OF NIKE-CAJUN ROCKET: 


A Coupling is a cone-shaped magnesium sand cast- 
ing which keeps the two stages of the rocket integral 
separates them 


until differential drag 


B Each Nike fin assembly consists of a four-piece 
quadrant and fin. Quadrants are magnesium sand 
castings. Fin is a weldment of magnesium structural 
plate and magnesium sand castings 


Please send me my copy of Data Bulletin M-50 on 


Magliner Magnesium | 
Check interest | 
(_] Die Castings (] Sand Castings | 

(-) Permanent Mold [[] Fabrications | 
Name | 
Address | 
Zone State 


PINCONNING, MICHIGAN 


Canadian Factory: Magline of Canada, Ltd., Renfrew, Ontario 
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LOGTITE visser 


AMER'CAN SEALANTS CO. © 109 Woodbine St., Hartford 6, Conn. 
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39 MAJOR COMPANIES 


SLASH PRODUCTION COSTS 


WITH A LIQUID LOCK 
FOR THREADED 
FASTENERS 





This new liquid plastic sets up tighter than mechanical 
locking devices to prevent fasteners from loosening under 
vibration. Use Loctite on nuts, machine screws, set 
screws, studs, adjustment screws. 


Fasteners can be Loctite-treated before application by 
tumbling . . . individually treated by hand . . . auto- 
matically treated right on the line. 

Loctite gives your product highest resistance to shock 
and vibration . . . up to five times removal torque of 
other devices. Various grades permit reduction of locking 
torque where desired. 

Loctite costs but a fraction of mechanical locking de- 
vices . . . helps you slash production costs! 






FREE 
LOCTITE 
TR #5 
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STAFF COLUMNIST 


Renato Contini 


Renato Contini is Research Coordi- 
nator at New York University’s 
College of Engineering. 


HUMAN FACTORS 
IN DESIGN 


Only within the past few years has 
a large segment of the engineering 
profession become significantly aware 
of man as the operator of tools and 
equipments, as a link in an operational 
chain or system or as a participant in 
an operational environment. This in- 
creasing awareness (on the part of the 
engineer) is evidenced by the increased 
number of articles on “human factors” 
appearing in engineering literature. 
Expressions such as work science, ergo- 
nomics, human engineering, bio-tech- 
nology, bio-mechanics are becoming 
more and more familiar terms. 

I do not mean to imply that the 
design engineer intentionally neglected 
the human factor when equipment was 
being designed for which man was the 
operator or when an environment was 
being developed in which man was to 
operate; rather, that until quite recent- 
ly, even into the early phases of World 
War II, much of such designing was 
done on an intuitive or at best on an 
empirical basis. 

Some engineers, particularly those in 
management or in industrial engineer 
ing positions, were aware of certain 
aspects of the situation, the need for 
some greater concern for the man part 
of the man-machine complex. The fact 
that techniques such as time and mo- 
tin studies were being employed in the 
planning of production 
showed there was recognition that 


processes 


man’s capacities to perform and adapt 
could be enhanced or diminished. But 
even at this level there were no radi- 
cally new departures since the times o! 
Taylor and Gilbreth. 

On the other hand, within a number 
of other disciplines (psychology and 
physiology as prime examples) there 
was more concern for and _ greater 
curiosity about man, to learn how he 
responded to internal and_ external 
stimuli, how he withstood emotional, 
physical and environmental stress, how 
such were evidenced, and how they 
could be measured. In Europe particu 
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larly, 


perhaps because of economic 
necessity, perhaps because of a greater 
curiosity in this problem area, scien- 
tists such as Atzler in Germany, Bern- 
stein in Russia and Drillis in Latvia, 
were doing research leading to a new 
area of specialization — then called 
World Science. 

World War Il with its advanced 
technology made possible the develop- 
ment of implements of war which taxed 
or exceeded the capacities of the men 
who were to operate and control them. 
Aircraft could fly higher, submarines 
could remain submerged longer, battles 
were fought in tanks in tropical cli- 
mates and men were isolated in arctic 
regions. Men were being exposed to en- 
vironmental stresses of an order never 
before experienced. 

Psychologists and physiologists and 
the other life scientists were recruited 
to develop the basic knowledge about 
how man performs under a variety of 
From this informa- 
tion, an area of specialization has been 


conditions. basic 
emerging, so that now you have as an 
engineer and designer more formalized 
data from which to draw. Although 
recognized under a variety of names, 
the consensus now seems to favor the 
term Human Factors for this area. 

The purpose of this column is to 
keep you up to date with progress in 
this area, to invite from those who are 
more experienced, advice and informa- 
tion to be passed on to those interested, 
to review, or have reviewed and ab- 
stracted, articles of outstanding interest 
ind perhaps dare to suggest new ave- 
wes for research. Occasionally, men 
who have been long associated in the 
field of human factors will be invited 
to serve as guest columnists. 

In such a comparatively new spe- 
cialty much material may be contro- 
versial. I that controversies, 
should they arise, can be exploited 
fruitfully—and that as a result of all 
the effort, a better understanding of 


hope 


man may be obtained. 
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Specify NUMATICS VALVES 


... there are no “equivalents” 





surpassing 

any other 
air valve on 
the market 


In a momentary contact valve application, safety . . . for operator and 
machine alike... depends on a valve that will not shift when de-energized. 
Numatics DSA4 valves can't shift. Numatics exclusive detent does the trick 
...it safely, positively locks the valve spool in position the split second the 
valve is de-energized. What's more, this locking action is independent 
of air pressure, friction or packing drag. Numatics momentary contact air 
valves are, in fact, safer, more dependable than any other valves 
currently on the market. Write for complete information today. 






4-WAY 
HAND 
VALVES 


8 s NUMATICS MANIFOLDS 
Numatics individual exhaust and conduit 
manifolds provide perfect “running mates” for 
Numatics solenoid actuated valves. 


For the utmost reliability and versa- 

tility, look first to Numatics 4-way hand 
valves. 136 models in 4 pipe sizes, a 
valve for every application. 


i UMA [Ss int MILFORD, MICHIGAN 
| A a 
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STONITE CUSTOM-MADE COILS 
COVER THE WIDEST SIZE RANGE 
— FROM THE TENTH OF 
A POUND TO A TON! 


Here are two examples of this 
cycle, illustrating Stonite’s versatil- 
ity and manufacturing know-how. 


Proven high-quality manufacturing 
materials, outstanding service fa- 
cilities and prompt deliveries are 
of equal importance in Stonite’s 
picture. For coils, mite to man size, 
you can depend on Stonite. 


Write today, describing your re- 
quirement or request that a sales 
engineer call. 


PAPER SECTIONS « FORM WOUND 
LAYER WOUND ¢ BOBBIN WOUND 
PRECISION WINDING 
HIGH TEMPERATURE COILS 
COPPER AND ALUMINUM CONDUCTORS 








Route +25, Yardville New Jersey 






JUniper 7-7323 
GS 
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; Stonite —~ 


STAFF COLUMNIST 


Emile Labin 


Emile Labin is President of Automation- 
Electronique-Recherche Opérationelle in 


Paris, France. 


Report from France 


The United States is producing not 
far from half of the entire world’s in- 
dustrial output. In the 
American contribution is even larger 
than in any other field. Yet America is 
not doing half of the research and de- 


electronics 


velopment work going on in electronics 
by a long shot. European research ef- 
forts remain important both in quality 
and quantity, even though main trends 
of the industry throughout the world 
are bound to be determined by the 
American giant. 

These reports from France are writ- 
ten with the conviction that while in 
general we have a lot to learn from the 
United States, we have something to 
contribute on many _ specific items. 
Thus, conforming to traditional French 
logic, I shall devote my first report to a 
general survey on the present state of 
our industry. 


STATISTICS 
French statistics usually divide elec- 

tronic activities into four groups: 

*» “Consumer products” including ra- 
dio and TV 


tics such as pick-ups and _ public-ad- 


receivers, electro-acous- 


dress systems 
* “Professional products” including all 
non-consumer goods such as mili- 
tary and civilian communication sys- 
and 
TV broadcasting, industrial electron- 


tems, radar, navigation, radio 
ics, etc. 

* Components 

* Tubes including vacuum tubes and 
semi-conductor devices. 

Cables, telephone subsets, switching 

systems, computers and 

similar components and systems are 


mechanical 


not considered as part of electronics. 

Production in 1956 is 
Table I. In this table and all following 
tables, French currency has been con- 
verted into American dollars. All sales 
figures include all taxes at the rate of 
25 cents for 100 Francs. 


shown on 


Table II shows the quantities of 
main consumer products sold in 1956, 





the total number in service at the end 
of 1956, and the rate of increase. 





TABLE | Total Sales in 1956 








Consumer products 125,000,000 35 
Professional peatbette 125,000,000 35 
Comgenes 70,000,000 205 
Tubes anim 35,000,000 10 

Total $355,000,000 100 





TABLE II Quantities of Receivers 


Rate 
In Service of In 
Sold in December crease 
1956 31, 1956 1956 
Radio 
Receivers 1,000,000 10,000,000 10 
TV 
Receivers 260,000 500,000 523 





The rate of increase of TV receivers 
proves that France is still in the early 
stages of TV development. There are 
now 17 transmitters in France cover- 
ing 50 percent of the total population. 
Within the actual coverage only 6.5 
percent of homes are equipped with 
TV receivers. Consumer products are 
traditionally slow to gain momentum 
in the French market even compared 
to other European markets, and TV 
follows the usual pattern. This lag in 
TV production may be due to the fact 
that the French public is rather con- 
servative or simply that they enjoy 
better entertainment facilities. 

Division of the market of profession- 
al products among types of customers 
is indicated in Table III. 
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TABLE Ill Customers for Professional Products 








Military 75% 
Civilian Government 185 
Private Industry 6% 
Miscellaneous 11% 

The government represents 90 per- 


cent of the business in the “Profession- 


al” group. This should not be surpris- | 


ing considering that in France, as in 
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most of Europe, all communication 
facilities and almost all broadcasting 
facilities are owned and operated by 
the government. 


PERSONNEL AND SALARY 

Personnel is divided within the indus- 
try as shown in Table IV. The division 
between “staff? and “workers” corre- 
sponds to the American division be- 
tween “monthly” and “hourly” paid. 
The last column indicates output per 
man obtained by dividing the num- 
bers of the first column of Table I by 
the total of the third column. 





TABLE IV Employment in 1956 





Output/ 
Man in 
Staff Workers Total Dollars 
Consumer 
products 3,300 10,000 13,300 9,400 
Professional 
products 10,000 10,000 20,000 6,250 
Components 2,000 8,500 10,500 7,000 
Tubes 2,400 5,000 7,400 4,500 
Total 17,700 33,500 51,200 7,000 
Total employment represents an in- 
crease of 15 percent over the year 


1955. 
Salaries paid in 1956 are shown in 
Table V. the 


first salar- 


For each classification 


column indicates the total 
ies paid by the industry division in 
1956 and the second the average indi- 
vidual yearly salaries. 

It is important to remember that in 
France one should add to the direct 
salaries an amount approximately equal 
to 45 percent for staff and 65 percent 
for workers. This sum is paid indirect- 
ly for various social securities such as 
health insurance and other fringe bene- 
fits. The average over-all yearly earn- 
ing amounts to $2,500 for an output 
per man of $7,000. 

The rate of growth of the electronics 
industry in France is quite impressive. 
Total yearly sales of the industry in 
millions of dollars increased from about 
60 for 1948 to about 350 for 1956. 
This rate will undoubtedly continue. 
TV is only beginning and communi- 
cations and electronics 
far from the saturation level. 


industrial are 


WHO DOES THE BUSINESS? 

French electronics has been a small- 
business industry. In the last years 
however a certain amount of concen- 
tration has taken place: 

* 45 companies with 32,000 people do 

68 percent of the business 
* 90 companies with 9,000 people do 

16 percent of the business 
* The remaining 16 percent is divided 

between a large number of small 

companies totaling 10,000 people. 
Concentration of activities is greater in 
the professional group taken alone: 
* 20 companies with 18,000 people do 

92 percent of the business 
¢ 15 companies with 1,500 people do 

6 percent of the business 
* 65 companies with 500 people do 2 

percent of the business. 

This data and that contained in all the 
tables have been obtained through the 
courtesy of the Economic Data Section 
of the “SNIR” (National Syndicate of 
Radio Industries). 

French electronic industry is private- 
ly owned but government is the main 
customer for the professional group. 
The 


organizations, civilian as well as mili- 


Government runs some research 
tary, but does not own any manufac- 


turing facilities. 


R&D FOR EXPORT 

Tradition in France, as in other Eu- 
ropean countries, emphasizes research 
and development in engineering. This 
emphasis is a heavy load on the French 
electronics industry. Whereas an_ in- 
vestment of 3 to 3.5 percent of the in- 
dustry’s sales on R & D might be con- 
sidered sufficient or even daring in the 
United States, an 


percent of sales is considered a necess- 


investment of 15 


ity in France. In fact, the French in- 
dustry is becoming convinced that 
even a greater R & D effort will be 
required if the industry is to progress 
in spite of its limited market. As a re- 
sult, export possibilities to the United 
States from France are much better in 
R & D than in industrial products. 
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TABLE V—DIRECT SALARIES AND WAGES PAID IN 1956 
STAFF WORKERS OVER AL 
Total Average Total Average Total Averag? 
Dollars Dollars Dollars Dollars Dollars Do!lars 
Consumer 
products 8,000,000 2,500 100.000 1,000 18,000,000 1,350 
Professional 
products 26,500,000 2,650 12,500 1,250 39,000,000 1,950 
Components | 5,000,000 2,500 8,500 1,000 13,500,000 1,250 
Tubes _8,000,000 3,300 5,000 1,000 13,000,000 1,750 
Total | 47,500,000 2,800 33,500 1,060 83,500,000 1,630 
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—IF IT'S 
PRINTED CIRCUITS, 
WE CAN HANDLE THEM! 


Printed 


can produce high quality circuits 


Electronic Corporation 


in small quantity runs or large 
volume production. We are fully 
equipped to design and prepare 
your circuits for production and 
to manufacture them by the most 
economical method consistent 
with quality, quantity and othe 
specifications. 

PEC’s patented Narcus process 
for plating holes provides greater 
reliability and economy on printed 
circuit designs. This test-proven 
process, in.which copper is plated 
on plastic, features excellent con- 
ductivity . . . more uniform thick- 
ness of hole wall... and greate1 
bond strength to plastic. 

If prototypes present a problem, 
you will find it worth- while to 
the Ma- 
Protomaka is a complete 


investigate Protomaka 
chine. 
portable laboratory that can pro- 
duce etched and plated circuits 
by a photographic process in only 
forty minutes. 

For quality printed 


cuits in prototypes or production 
consult 


high cir- 


7 North Ave. 


Natick, ‘Mass. 
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Gloctless 


LIQUID 
LEVEL 


and INDUSTRIAL CONTROLS 


@ Write for latest catalog covering the complete line of B/W 
Induction Relays, Relay Enclosures, Contactors and Starters, 
Multiple Pump Controls, Electrode Holders, Starter and Relay 
Combinations, Special Controls and Panels. 


Controls will never trouble you, when you buy B/W 


B/W CONTROLLER CORPORATION 


@eeeeoeaeoszeeeeeee @eeeeeeneee@ 


2152 East Maple Avenue, Birmingham, Michigan 
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INCREASE THE VALUE of 
the MACHINERY YOU MAKE 
GIVE them the CONTROLS to run themselves 


Progress of Automation requires that 
you provide controls for the 
equipment you make. But perhaps 
designing control systems is 

not your specialty. Because the 
application of control systems to 
machines for automatic operation is a 
specialty with us, we believe we 

can supply you with 

packaged controls for your machinery, 
faster and more economically. 

Call or write for a control 
application analysis. 


JOHN C. WHIDDETT CO. 


Speciclizing it Industrial Control Problems 
3850 GARRETT ROAD + DREXEL HILL, PA. | Clearbrook 9-3636 
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The Engineering Shortage: 
Statistics versus Opinion 


Over the past few years, a few editorials and small incred- 
ulous voices have questioned the shortage of engineers 
in this country. Now they have some statistics to back up 
their personal opinions and experiences. 

In a publication recently released by the National Bureau 
of Economic Research, Drs. David M. Blank and George 
J. Stigler offer statistical evidence that there is no shortage 
of engineers in the U. S. The authors began their study 
with a comparison of engineering salaries with earnings in 
selected fields since 1929, the earliest year for which re- 
liable data were available. } 

They found that ratios of engineering salaries to earn- 
ings of three groups of independent professional practi- 
tioners—doctors, dentists and lawyers—rose during the 
‘thirties but declined sharply after 1939. By 1951 the 
salary income ratio for engineers compared with physicians 
was forty per-cent below its level in 1929; for engineers 
and dentists, sixteen per-cent below; for engineers and 
lawyers, three per-cent below. The decline was substantial- 
ly greater when measured against a 1939 base. 

Salaries of engineers and full-time average earnings of 
manufacturing wage and salaried employees and all wage 
about the same 
manner between 1929 and 1939. After 1939 wage earners 


and salaried employees fluctuated in 


increased their earnings more sharply than engineers. 
SHORTAGE DEFINED 


In their report Blank and Stigler indicate that although 
the word “shortage” is seldom defined precisely they felt 
that the one most natural for them to use was that a short- 
age exists when the number of workers available increases 
less rapidly than the number demanded at the salaries 
paid in the recent past in a free labor market. Because of 
an increase in the supply of engineers, salaries have actual- 
ly drifted downward in relation to the salaries of other 
workers. 

The pronounced downward drift of earnings in all pro- 
(except relative to earnings of the 
working population as a whole appears to be well known, 


fessions medicine ) 
according to the authors, and it is apparent that engineers 
have fully shared in this relative decline. This downward 
drift is known only for the period since 1921 but Blank 
and Stigler conject that it began much earlier because the 
main force working in this direction—the rapid expansion 
of a number of trained professional workers—also began 
much earlier. 


THE SCARCITY IDEA 

After the outbreak of the Korean war, there was a minor 
increase in the relative salaries of engineers and of other 
college-trained workers, but this was hardly more than a 
minor cross-current in a tide. According to their statistics 
the record of earnings of engineers in comparison to the 
working population as a whole and to the professions as a 
separate class there has been no shortage of engineers up 
to at least 1955. In fact there has been an increasingly 
ample supply of engineers. The authors show that the 
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NEW! cotorea _ 
TEMP-R-TAPE 
Pressure-sensitive TEFLON* tape 


for —100°F to 400°F applications 


Temp-R-Tape, easy to apply TEFLON tape with pressure- 
sensitive silicone adhesive, can now be ordered from stock 
in colors. Use: color coding. Regular white Temp-R-Tape is 
available from stock. Use: CLASS H insulation or low fric- 
tion facing. (For example: slot lining, coil wrapping, harness 
bundling, wire splicing, etc.) Temp-R-Tape fits tight over 
sharp bends and compound surfaces. 1500 vpm dielectric 
strength. .006” and .013” thicknesses. .006” only in colors. 
*duPont trademark 


FREE SAMPLES and folder—write, phone or use inquiry service. 
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@ Spindle speeds up to 26,000 rpm to engrave or for ma- 
chining modern materials 

@ Fastest possible copy set-up 

@ Greatest ease and speed of adjustments 

@ Cutter grinders, rotary tables, master letters, compound 
slides, name plate blanks and all required accessories 

MODEL D2 HEAVY-DUTY 
2-DIMENSIONAL 


@ 575 pounds-rigid, sturdy, @ Micrometer adjustment 


precise 


@ Vertical adjustment of 
copy table automatic 
with Pantograph 


@ Unobstructed on three 
sides to take large work 


@ Vertical range over 10 
inches 


for depth of cut 


@ Ball bearing construction 
throughout — super pre- 
cision ball bearings in 
spindle 


@ Ratios 2 to 1 to infinity 
— master copy area 
26” x 10” 








MODEL 106 PORTABLE BENCH MODEL- 
2- OR 3-DIMENSIONAL 


@ One copy carrier (supplied) accepts 
all master sizes 


@ 40 pounds of unbeatable speed and 
accuracy at a reasonable price 


@ Height of pantograph and position of 
cutter are continuously adjustable 


@ Perfect for all machining applications 
within its range 


@ Ball bearing spindle has three speeds | @ Work up to 10” by any width 


op to AE opm @ Taper shank cutters 


@ 5 positive, accurate pantograph ratios 


GREEN INSTRUMENT CO., INC. 


365 Putnam Avenue Cambridge, Mass. 
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to at least 1955. In fact there has been an increasingly 
ample supply of engineers. The authors show that the 
number of engineers has been growing more rapidly rela- 
tive to the demand in the past two and a half decades 
than has been the case in the labor force as a whole; they 
expect this trend to continue in the future. 

The only basis they find for popular view that there was 
a shortage of engineers after 1950 is related to the expan- 
sion of military procurement after the outbreak of the 
Korean war and the associated increase in government ex- 
penditures for both public and private research. The main 
effect of this short reversal seemed to be the popular ac- 
ceptance of the idea of a serious and basic scarcity of 
engineers. Although there may be temporary shortages of 
personnel in certain geographic areas or specific profes- 
sional skills, they found no evidence of any shortage of 
substantial magnitude. 


NUMBER OF ENGINEERS BY 1970 


Projections in the study indicate that if there is only a 
moderate rate of increase in the proportion of persons aged 
22 graduating from college and a maintenance of approxi- 
mately the current degree of concentration on engineering 
among such graduates, engineering schools will graduate 
roughly 33,000 to 36,000 engineers in 1960 and 60,000 or 
more engineers in 1970. If the proportion of men aged 22 
graduating from college rises in the next fifteen years as it 
has since 1930, and if the degree of specialization in engi- 
neering increases as it has since 1930, the number of grad- 
uating engineers in 1960 will be over 40,000; the number 
in 1970 will reach the staggering total of 90,000. The most 
conservative estimates yield an indicated total of college- 
trained engineers in 1965 of about 720,000, contrasted to a 
1950 total of about 300,000. The high estimates lead to an 
indicated 1965 total of about 820,000 college-trained engi- 


neers. 
FACT VS. FANCY 


This publication is the latest and most authoritative analysis 
that has been brought to our attention. It answers prob- 
ably as best as possible questions pertaining to the suppl) 
and demand of scientific personnel hitherto speculated 
about: 
e@ Has the enormous growth in the number of engineers 
and chemists taken place in a few industries of unusual 
technical complexity, or throughout the industrial sector 
of our economy? 
e@ What impact has been exerted by the expansion of gov- 
ernmentally financed research? 
e@ How can we judge whether the growth in scientific 
personnel—physicists and mathematicians, as well as engi- 
kept pace with the rising demand? 
Fragmentary and sometimes inconsistent evidence ha 
hindered judgment on these questions. Drs. Blank and 
Stigler clarify the questions and identify the factual aspects 
bearing on the economics of the problem. Their conclu} 
sions will unquestionably create some furor in their attac 
on the popular belief of a severe shortage of engineers 


neers—has 


present and future. 

David M. Blank is associate economic advisor of Colum 
bia Broadcasting System. George J. Stigler is a membe 
of the research staff of the National Bureau of Economi( 
Research, and Professor of Economics at Columbia Uni 
versity. 
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Coimonoy 


INCREASES 


Extrusion 
Screw Life 


Tests revealed a tremendous increase in the service life 
of these Colmonoy hard-faced extrusion screws, as against 
the unprotected screws usually used. Orders for new 
replacements now specify Colmonoy hard-facing. 


Used for extruding plastic, these screws are made of age- 
hardening nickel-base alloy. This alloy is now readily 
hard-faced with little loss of hardness, using Colmonoy 
No. 6 gas rod and a new Colmonoy high temperature flux. 


The 60-inch screws have 
a .050” overlay of Col- 
monoy No. 6 when finish 
ground. Colmonoy hard- 
facing pays for itself in 
increased life very 
quickly on expensive 
parts such as these. 





To provide any metal part with longer life, investigate 
Colmonoy alloys and methods. They represent a com- 
plete line of wear resistant alloys and the most up-to-date 
in hard-facing techniques. 


i, i 
Submit part drawings and a description of the ayo 
wear encountered for a specific recommenda- ” | 


tion. Request Hard-Facing Manual No. 79. 








HARD-FACING ALLOYS 
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on tap for this Newe r? 


What will the life span be for this young fellow 







will his life be happy or hé 
long or short? How many times, actually, will this new heart beat? 


Answers to questions like that aren’t just guesses any more they can be 


uted, 
far in advance, with an amazing degree of accuracy. 


Those marvelous electronic mechanisms called computers have opened a new vo 
of information about our world, our life, and ourselves in general. 
And new chapters keep registering on the computer consgles- 
— 


The terrific speed with which complex calculations whip throvehthe computers 
continues to challenge the comprehension. And the basic principle of the computers— 
of working with electrical charges that are exactly proportional to the figures i 


ly ed 
—continues to require a power supply that is uniform, unvarying, at 


1 dependable 

This demand is increased by the move to miniaturize the computer it down 

to a less cumbersome size by using smaller components all the way through 
to produce the same, or better, results. 


Computer designers had a problem... until they called in Sorensen. Sorense 


the authority on controlled power for researchedgdgdindiestry, the World s leading 
maker of precision electronic voltage regulators. When Soretsen- 


engineers 
collaborated with the computer design people, new solutions to the powé rebicm 


were found. Sorensen “resonant regulators”, in special circuitry for computer neet 






are now providing surge-free power for leading makes of computers. 


If you have problems of devising a “smooth” power source, AC or DC, for “plug in” 
apparatus or major installations, consult Sorensen, the power specialists. 


SORENSEN & COMPANY, INC. Richards Avenue, South Norwalk, Connecticut 
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ELECTRONICS DIVISION 
New. Products 


The HOP-STRETCHER feeds offer higher gain, lower sidelobe 
levels and more desirable beam-widths for center-fed parabolic 
antennas. This feed was developed for S, X, Ku and K, bands. 
Technical features of X-band antenna @ Sidelobes at least 24 db 
down on 4, 6, 8 and 10 ft. reflectors @ _ gain efficiency, 65-70% 
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The new hi gain 3 kme Cylindrical 
Coaxial Feed provides similar E 
and H-plane patterns, minimum 
side and backlobes, and negligible 
squint. Rear-mounted, with easy po- 
larization adjustment to any angle. 


7000 mc Offset Antenna. Ideal for installations where passive 
reflectors are utilized — VSWR less than 1.10:1 over 5900-8500 
mec — Sidelobes at least 24 db down — gain is 41 db at 7000 mc. 
Elliptically shaped reinforced fiberglas reflector. 








The new universal 
3-point suspension 
mounting bracket 
for 2, 4, 6, 8 and 
10 ft. parabolic re- 
flectors. 

Features @ Inde- 
pendent azimuth 
adjustment. @ In- 
dependent eleva- 
tion adjustment. @ 
Adaptable for 
mounting in all lo- 
cations. 





The new X-band para- 
bolic antenna with 
standard feed. Fea- 
tures variable polariz- 
ing adjustment, 0 to 
90°. Manually locked 
in position. 




















ws GABRIEL'S MICROWAVE PARABOLIC ANTENNAS 
| . . . Contributing millions of trouble-free operational 
hours for industry and the military. 

@ 7000 mc — Broadband (5925-7425 mc) high gain 
> 40 db low sidelobes — low VSWR < 1.13:1 
over band. 

@ 4000 mc — Narrow-beam broadband (3700-4200 mc) 
— low VSWR < 1.2:1 — gain > 37 db. 

@ 2000 mc — Available in offset and center-fed 
feeds. Narrow-beam broadband (1750-2110 mc) — 
high gain > 28 db low VSWR < 1.3:1 over band. 

@ 940 mc — All weather a, covered feed — 
gain > 22 db low VSWR < 1 


Ceaprict 


135 CRESCENT RD., NEEDHAM HEIGHTS 94, MASS. - phone NEedham 3-0005 
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MANAGEMENT 


MARTIN KAGAN 
Executive Vice President, 
Yardney Electric Co 





WESCON: Fatted Calf at the Cow Palace 


Only a short while ago the Cow Palace, San Francisco, was 
the scene of history-generating political conventions. More 
recently on August 21st through 23rd at the same palace 
the very devices by which those conventions were made ac- 
cessible to a nationwide watching and listening audience 
were themselves the object of close scrutiny, along with 
those developments that make guided missiles, radar and 
electronic computers common conservation items of our 
times. The show reviewed the progress of the electronic 
sciences and industries over the last fifty years, progress 
reaching toward new frontiers with a youthful, pioneering 
push. This push characterized WESCON giving it a west- 
ward-ho spirit. 

Informal candidness and open curiousity, often sighted as 
peculiarly abiding west-coast virtues, were  infectiously 
shared by all the spectators regardless of their geographic 
origins. Easy and friendly exchanges among the spectators 
and between the spectators and the show managers made 
it a very democratic forum. 

Visiting Soviet engineers, easily caught up in the partici- 
as anomalies. 
They delivered papers in the fields of molecular structures, 
spectroscopy and magnetic resonance phenomena, fields, 
they said, in which they considered themselves advanced 
in comparison with us. 


pating inquisitive spirit, nowhere stood out 


It was electronic advances that people came to see, ad- 
vances in theory and application since Roentgen discovered 
X-rays (1895) and Fleming patented the diode (1904) and 
Dr. Lee De Forest shortly thereafter on the west coast 
developed the three-electrode tube, the audion, to trans- 
mit the human voice undiminished across seas and con- 
tinents. 


GROWTH OF THE WESTERN WALLET 
The west coast’s widespread and penetrating enthusiasm 
for matters electronic is readily understandable. The en- 
thusiasm is tinged with dollar green—the blush of pros- 
perity. Slightly more than a decade ago the west coast 
shared only one per-cent of the business in electronics; 
today twenty to twenty-five per-cent of the electronics busi- 
ness is concentrated there—a lion’s share of several billions of 
dollars, and the show radiates even 


greener, glowing 


promise. 


GREAT EXPECTATIONS 


Sharply contrasted with this confident and independent 
spirit often expressed in the technical forum was the pres- 
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REMOTE BULB, INDICATING 
TEMPERATURE CONTROL 





Featuring 
Control Point 
Accuracy Equivalent 
to Individually 

Calibrated Instruments 


The UNITED ELECTRIC Type E32N Temperature 
Control is a uniquely designed instrument that is 
used to control and indicate temperatures of gases, 
liquids or hot plates over wide ranges. This unit 
contains a 12-inch scale for easily read visual indica- 
tions. It is possible to replace the thermal unit in the 
field without any loss of calibration accuracy. 





Temperature Ranges. —150°F. to 150°F., 70°F. to 370°F., 
100°F. to 650°F. Read temperature on 
continuous, 12-inch indicating scale 
that rotates against a fixed index 
pointer in a vertical and centered 
location. 





Switch Ratings Up to 15 amps. at 115 or 230 volts 
A.C. 20 amp. A.C. or D.C. switches 


also available. 





Switch Types N.O., N.C., or Double Throw — no 


neutral position. 





On-Off Differential. . . Approximately 1.0°F. or 2.0°F. de- 


pendent on model. 





Adjustment Calibrated dial 


fixed index. 


rotated against a 





Calibration....... Calibrating mechanism permits ee 
cise matching of scale to individual 


tolerance errors of thermal assemblies. 





Compensation...... Automatic compensation for ambient 


tem peratures. 








SEND FOR NEW Catalog 200 for full information on 
the E32N and other remote 
bulb temperature controls. 
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MELETRON 


DIFFERENTIAL SWITCH 





senses pressure differences 
from 4 to 9000 p.s.i. 


with Proof Pressures ranging from 500 to 12,000 P. S. I. 


A good illustration of this switch function is its application 


on multiple stage compressors. If a failure occurs in one of 


the stages the switch will signal the pressure difference change 


or shut down the system to prevent damage. 


EXTREMELY 
ACCURATE 


Simplicity of direct act- 
ing design plus rugged 
precision construction 
make for long, unchang- 
ing repeat accuracy. 


Note, that we don't use 
LINKAGES AND. BEARINGS 


which, as they wear, 
cause settings to drift. 


te . 3 





IN ANY 
POSITION 


On moving equipment, 
even under vibration, 
switch performs with 
equal efficiency. 





Recause we don't use 
LIQUID SWITCH ELEMENTS 


which require that the 

pressure switch be 
mounted absolutely vertical; which 
make it very critical to vibration. 


To get complete operating characteristics and specifications ask 






for bulletin 532 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenue, Los Angeles 58, California 
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ent dependence on the military budget immediately ap- 
parent in the business exhibits. The preponderance of 
military equipment on display was even more marked than 
it has been in east coast conferences. The prevading spirit 
of optimism is remarkable in the face of threatened cut 
backs in this military market. Does it reflect a determina- 
tion to be identified not only with the defense of present 
values but also with the promise of a more abundant and 


better tomorrow? 


TWO IMPORTANT DEVELOPMENTS 


The show could boast a large number of technical 
papers. From five hundred submitted about two hundred 
and twenty-five were selected. Among developments re- 
ported two stand out for their promise to the future: a 
new radiation technique for medical application and a 50- 
watt power transistor. The new radiation technique, in 
contrast to the method it aims to displace, produces no 
undesirable side-effects in the patient, making treatment 
a brief interlude in the patient’s work-a-day pattern of life; 
a short visit periodically is all that is required and im- 
mediately after the visit the patient may resume his normal 
activity. The announcement of a 50-watt power transistor, 
just ten years after the first germanium units were de- 
veloped, pushes transistors ahead into many fields hitherto 
not considered within their scope. A high voltage a-c or 
d-c source generated from a 3-, 6-, or 12-volt commercial 
battery can be obtained by use of high-power transistor 
circuitry. This technique can now produce power pack- 
ages rated to several kilowatts, sufficient to run a radio for 
five or six hours or possibly a television set. 

Two interesting sidelights indicating the electronic in 
dustry’s awareness of its influence and responsibility in 
the social life were: a special exhibit of paintings with 
electronic themes and a future engineer’s show exhibiting 
the works of winners of a contest among engineering 
Both exhibits well at 
tended and well received gave the show additional colo 
and substance. 


students from six western states. 
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GRAPHITAR olt SEALS eiav 


IMPORTANT PART IN DEPENDABLE PERFORMANCE OF 


New powerruL CURTISS-WRIGHT turso 


COMPOUND ENGINES 





Increased demand for faster non-stop service has placed 
great demands on the engines that power modern airliners. 
Helping to meet this need is the powerful EA Series 
Turbo Compound engines built by the Wright 
Aeronautical Division of the Curtiss-Wright Corporation, 
Wood-Ridge, New Jersey. In each of these 18-cylinder 
giant engines, 3 GRAPHITAR oil seals play an important 
part in maintaining the dependability, efficiency and power. 
Three power-recovery units are employed on the Turbo 
Compound to utilize normally wasted exhaust gases and 
provide still additional thrust. The GRAPHITAR 

seals are used on the turbine shaft in each of these units 
and must withstand continuous high speeds and high 
temperatures. These seals prevent hot gases from reaching 
the shaft bearings and carbonizing the lubricant. Low 
coefficient of friction, and the excellent wear and sealing 
properties of GRAPHITAR make it ideally suited for 

this demanding installation. 

Compacted under extreme pressure, and fused at heats to 
4500° F., GRAPHITAR can be formed into relatively 
complex shapes, ground to tolerances as close as .0005”. 
Since it is entirely self-lubricating, GRAPHITAR can be 
used where only steam or water are present. 
GRAPHITAR is lightweight, durable, chemically 

inert and virtually unaffected by extremes of vibration, 





pressure, or temperature. 





Get the fact-filled GRAPHITAR 
engineering Bulletin No. 20. 
Write today for your copy. If 
you have design questions on 
problems, our engineering 
staff will be happy to assist 
you in any way possible. 
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TYPE HGH-10-1$4 
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HIGH TEMPERATURE RESISTANT SYNCHROS 
HIGH ACCURACY at 


These size 10 high temperature resistant stainless steel 
synchros are available as transmitters, transformers, 
differentials and resolvers. 

The transmitter was developed for direct turbo jet 
engine mounting and has passed tests at 450°F for 
100 hours and 350°F for 1000 hours. 


CLIFTON PRECISION PRODUCTS CO. INC. Clifton Heights, Pa. | 





